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Abstract 
ABSTRACT 
 
The purpose of this study was to explore of the role of language switching in a group of 
Iranian bilingual students while they were involved in mathematical problem solving. 
Language switching has been viewed as a common practice in bilingual students in their 
classroom, particularly for mathematics learning. In bilingual students, using their first 
language to solve at least part of a problem may facilitate mathematical thinking and lead to a 
successful problem solving process. The bilingual children in this study were comprised of 
sixteen Iranian non-English speaking background (NESB) Year 4 and 5 students who 
attended state schools on weekdays and participated in two Persian schools on weekends 
during term 4, 2005. To address the main aim of the study, four research questions were 
posed; (i) To what extent do Year 4/5 Iranian NESB students use language switching while 
solving different types of mathematical problems?, (ii) What factors prompt language 
switching (if any) in this sample of bilingual students?, (iii) Is there any relationship between 
proficiency in the L1 (Persian) and L2 (English) languages and mathematics performance/ 
competency?, and (iv) What, if any, relationship exists between students’ background and 
language switching? 
 
After completing a pilot study and reviewing the results, a qualitative case study methodology 
was chosen as the most appropriate means of providing in-depth data for the main aim of this 
research. Based on Clarkson’s (1996) study, data was derived from the transcripts of a semi-
structured interview, two language comprehension tests, and a questionnaire administered to 
parents. The interview was comprised of two phases; a mathematical problem solving phase 
which involved three different types of mathematical questions (word problems, symbolic and 
open-ended questions) and an associated Language Switching Checklist; and, in phase 2, a 
series of questions about the student’s problem solving strategies, their use of language 
switching, and home background. Language comprehension tests comprised of an English 
reading comprehension (TORCH) test in a cloze format, and a Persian reading comprehension 
test in a short-answer format, were used to determine the level of students’ proficiency in 
English (L1) and Persian (L2). The parent questionnaire contained items regarding home 
status and background, such as parents’ expectation for their children’s education, and the 
language spoken most of the time at home.  
 
Results showed that a large proportion of Iranian NESB students used language switching to 
solve the three types of mathematics problems, particularly word problems. In focussing on 
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the type of questions attempted, language switching occurred more frequently in solving word 
problems. The main reason for language switching in this group of bilingual children was 
problem difficulty. An in-depth investigation of the data showed that difficulty in 
comprehending the problem and/ or implementing an appropriate strategy, prompted language 
switching. Other factors influencing language switching were: familiarity with particular 
numbers used habitually, and being in the Persian school or interview environment. Findings 
indicated that high proficiency in both languages may be associated with high competency in 
mathematics. Parents’ attitudes and speaking Persian at home may contribute to the event of 
language switching in Iranian NESB students when solving mathematical problems. 
 
The number of students involved in this study was far too small to generalize the findings. 
However, consistent with the findings of Clarkson (1996) and Latu (2005), the phenomenon 
of language switching by bilingual students should be considered in mathematics classrooms. 
Improvement of both L1 and L2 proficiency appears to be associated with the level of 
mathematical performance, as presented in the literature (Clarkson, 1996; Clarkson & Dawe, 
1996; Erktin & Akyel, 2005). Presenting mathematical questions in a simple or reworded 
format could assist bilingual students to comprehend and solve a problem properly. It is 
suggested that these findings should be taken into account in developing an appropriate 
mathematics curriculum for bilingual students in an Australian context.  
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CHAPTER 1 — INTRODUCTION 
 
1.1 BACKGROUND  
As an Iranian student studying in my country, I always enjoyed the mathematics and physics 
classes. I remember my teachers’ encouragement to pursue my studies in these fields when I 
was studying in secondary school. My tertiary education was in mathematics and physics. I 
started teaching 16 years ago in a secondary school as a physics and mathematics teacher. 
One of the main reasons I selected this career was my interest in mathematics from childhood, 
as well as my success in mathematics and physics, when I was a student at school.  
 
Together with my family, I arrived in Australia in 2002 and spent one year studying English. 
It was quite challenging to speak and write in English while being in an ESL (English as a 
Second Language) context. Although I studied English from middle school in my country, 
Iran, in an EFL (English as a Foreign Language) context, I did not have much opportunity to 
make progress. As a bilingual student, as well as a newcomer to this country, I was very 
interested to know to what extent the Persian and English languages were used when a child is 
involved in doing mathematics. Firstly, as a parent when my children were attending childcare 
(kindergarten), I was impressed by the interplay of languages in my children. When I spoke to 
them in Persian (L1), they replied in a mix of L1 and the language of the community, English 
(L2). When my son went to school and started learning mathematics and working with 
numbers, it was exciting to observe how he switched between languages in some 
circumstances, for example, the expression of certain numbers such as one digit numbers. A 
visit to two Persian language schools in Melbourne provided an opportunity to further discuss 
this issue with the Persian language teachers. One of the teachers stated that most of their 
students switched between Persian and English, such as for particular numbers or words, 
while studying Persian in the classroom. This glimpse of language switching provided me 
with a new perspective on bilingualism and caused me to consider its role in bilingual 
children’s mathematics learning and in particular what prompted language switching when 
Iranian bilingual students solved mathematics problems. I reviewed the literature of 
mathematics performance for different bilingual groups. Although there were some studies on 
language switching in some ethnic groups, there was no study in this regard on Iranian 
bilingual students in Australia. This research, therefore, was designed to explore the extent to 
which language switching was used by a group of Iranian bilingual students when solving 
mathematical problems. 
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1.2 PROBLEM STATEMENT 
Between one-half to two-thirds of the world’s population is bilingual or multilingual (Padilla, 
1990; Baker, 2001). Multilingualism and multiculturalism, which are social facts of this new 
century, can be seen in every classroom and playground (Luke, Comber, & O’Brien, 1996). 
Being able to speak, read, and write in the English language, for bilingual students in an ESL 
context is considered important, because “English is the main language required for school 
success and interaction with wider society” (Molyneux, 2004, p. 6). The increase in English 
literacy is due not only to its being the main medium for scientific as well as academic 
purposes and its role as the main world trading language but also due to extensive use of 
English in social networks.  
 
Australia is a relatively new country with considerable ethnic and cultural diversity. The fact 
that 40% of the total population are either first or second generation Australians is a unique 
characteristic of this diversity (Swetnam, 2003). Immediately after the Second World War, the 
number of immigrants to Australia increased, initially from European countries, and then 
gradually from, Africa and Asia (Bullivant, 1986). After the 1979 revolution in Iran a large 
stream of migration from Iran began. This pattern of migration was heightened in the 1980s 
during the period of war between Iraq and Iran. Newcomers from Iran settled in different 
parts of Australia with most settling in Sydney, Perth, and Melbourne. Nowadays, there are 
around 5,000 Iranian migrants living in Melbourne (Homayooni, 2004). 
 
Up until the1960s, being bilingual was assumed to be a disadvantage in schooling, for 
example it was believed that,  
 
bilingual students who attempted to use both languages in the classroom would inevitably have to 
contend with the confusion between the languages that would certainly ensue (Clarkson & Dawe, 
1994, p. 173).  
 
This view was mainly due to ignoring the level of proficiency in either language as evidenced 
by Clarkson and Dawe’s (1994) claim that: 
 
One explanation … was found in a more careful stipulation of what bilingualism was. The 
fundamental idea advanced was that viewing bilingualism as a global state, which you had or did 
not have, was too gross. Finer grading of levels of bilingualism were needed (p.173) 
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However, Lambert (1977) noticed that a high level of proficiency in bilingual students 
contributed to their educational performance. This new perspective was supported by the later 
studies conducted by Cummins (1979, 1991), Dawe (1983), Clarkson (1991, 1992), and 
Clarkson and Galbraith (1992) across different area of the school curriculum, particularly 
mathematics. Several studies on bilingual students have recognised the important interplay 
between languages (language switching) in solving different types of mathematical problem 
in some ethnic groups in an ESL context (Clarkson & Dawe, 1994, 1996; Clarkson, 1996). 
Bernardo also conducted some studies (Bernardo, 1999, 2002; Bernardo & Calleja, 2005) on 
NESB Filipino students in an EFL context, and focused on the relationship between word 
problem solving and the language used in the word problem.  
 
A review of the relevant literature found that there were no studies on Iranian Non English 
Speaking Background (NESB) students in regard to their academic performance, and in 
particular, on their mathematics achievement in an ESL context such as in Australia. NESB 
students are identified as people who were born, or their parents were born in a non-English 
speaking country (Clarkson & Dawe, 1994, p. 173). On the advice of Clarkson and Dawe 
(1994) to treat each group of NESB students separately, I felt that there was a gap in what was 
known about Iranian bilingual students’ mathematics performance in an ESL context. 
Therefore, I decided to conduct this study on Iranian NESB students who attended local 
schools during the week and Persian language schools on Saturdays in Melbourne, Victoria. 
 
In this study, language proficiency in Persian (Farsi) as the first or native language (L1) and 
English as the second language (L2) was investigated. Although, Persian and English are both 
derived from the Indo-European language family, they are quite dissimilar in regards to 
syntactic structure and orthography, for example in Persian, the verb is put at the end of a 
sentence (Ali a student is), while in English, the verb is used after the subject (Ali is a 
student). Also the sequence of adjective-noun in an English sentence (good student) is 
opposite to the sequence in a Persian sentence (student good). Persian is written and read from 
right to left, while in English it is from left to right. The Farsi alphabet is similar to Arabic, 
with four additional letters. There are 32 letters of the alphabet in Persian. Each letter has one 
of three shapes depending on whether it occurs at the beginning, middle, or end of a word. 
These letters of the alphabet are distinguished from each other by the presence or absence of a 
dot or stroke. Based on this considerable dissimilarity between the structures of Persian and 
English, it was of interest to explore the extent to which language (Persian or/and English), is 
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used by Iranian bilingual students when solving mathematical problems in the Australian 
context. 
 
1.3 RESEARCH AIMS 
There is a considerable literature on the interplay between languages (L1 and L2), while 
bilingual students are solving mathematical problems (see for example, Clarkson and Dawe, 
1994, 1996). However, there is no study on Iranian NESB students that has aimed to explore 
language switching.  In particular, this study aims to investigate the incidence of language 
switching (if any) in a group of Iranian bilingual students in an ESL context as they engage in 
solving different types of mathematics problems. As in previous literature on certain bilingual 
students (Clarkson & Dawe, 1994, 1996, Clarkson, 1996), which found different reasons for 
language switching in different types of mathematics question, the factors which influence 
language switching in Iranian students are of interest to me. The relevant findings may have 
important implications for teaching and learning mathematics. These authors also explored 
the relationship between language proficiency and mathematics performance, as well as the 
influence of parents’ views and students’ background on language switching. These variables 
were also of interest in this study. It is assumed that the findings of this study will provide 
some further insights into the role of language switching for this ethnic group.   
 
Based on this assumption, a qualitative approach, in particular a case study design, was 
chosen to enable the investigator to use appropriate instruments to address the research 
questions. 
 
1.4 OVERVIEW OF THE THESIS 
This section will provide an overview of the thesis. In chapter 2, to provide a broad picture of 
the context of this study, based on a review of the literature, theories related to mathematics 
learning, problem solving, and more specifically about the role of language in mathematics 
learning will be summarised. Some background features of bilingualism in terms of its 
context, and definitions of language switching, will be reviewed to address the main aspects 
of the study. Mathematics performance of different ethnic bilingual students in Australia will 
be discussed to gain an insight into bilingualism. Bilingual performance across different types 
of mathematics problems will be reviewed to examine the role of the mathematical context in 
language switching. Factors affecting mathematical problem solving such as difficulties with 
problem comprehension and/or implementing the appropriate strategies will also be reviewed. 
Linguistic factors that affect mathematic competency, such as language proficiency in L1 
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or/and L2; the nature of first language; and clarity of language in stating word problems in 
different educational contexts (EFL and ESL) will be discussed. Finally, a more detailed 
statement of the research aim will be presented and justified. 
 
On the basis of the literature reviewed, Chapter 3 describes the research methodology used in 
this study. Firstly, a theoretical basis for choosing a qualitative, case-study approach will be 
justified. Then the details and outcomes of a pilot study conducted on four students to trial the 
instruments and develop interview skills will be reported on. Based on the review of the pilot 
study and previous literature, a modified replication of Clarkson’s (1996) methodology was 
considered to be appropriate for the main study, which will be presented. The instruments 
used in the main study, a semi-structured interview, language comprehension tests, and 
questionnaire for parents, will be described in detail. Finally, a description of initial and 
comparative analyses will be detailed and justified.  
 
Chapter 4 deals with the results of the main study. Based on the research questions and the 
instruments used, the summative data in relation to demographic data, and the students’ 
results from language tests and mathematics questions will be summarized. In order to gather 
data relating to the main objective for the study, the extent of language switching would be 
investigated, together with issues such as when and why switching occurred.   The reasons for 
language switching, such as difficulty with problems comprehension /interpreting and 
implementing algorithms, familiarity with particular numbers used habitually, and physical 
environment will be summarised. Finally, the relationship between mathematical competency 
and language proficiency, and the relationship between students’ background and language 
switching will be evaluated.  
 
Chapter 5 includes a review and discussion of the results in terms of Clarkson’s (1996) study 
in particular, and the literature more generally. The results related to language switching and 
mathematical problem solving will be discussed in terms of the four research questions. The 
results of this study will be evaluated against the literature in order to discuss the factors 
prompting language switching. The relationship between proficiency in either language and 
mathematics performance, and the influence of parents’ views and students’ details on 
language switching will also be explored.  
 
In Chapter 6, basic conclusions, limitations and implications of the study will be discussed. 
The major findings confirmed Clarkson’s (1996) results with bilingual students from other 
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ethnic groups in relation to the occurrence of language switching during mathematical 
problem solving. The major reason which prompted students to switch to L1 was the 
difficulty of a problem. Findings also provided evidence which may support Cummins’ (1979, 
1991) theory in terms of the relationship between proficiency in L1 and L2 and mathematical 
competency. A possible influence of using Persian language in the home on the event of 
language switching in these bilingual students was suggested. However, this sample was too 
small to be extended to generalise about all Iranian bilingual students. The limitation of this 
study in terms of a requirement of a cohort study with large numbers of Iranian NESB 
students will be described. Important considerations for this group of bilingual students in 
improving language proficiency and mathematics performance, and the relationship between 
these two, will be discussed. Finally, an explanation for the implications of the findings of this 
study in terms of teaching and further research will be presented. 
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CHAPTER 2 – LITERATURE REVIEW 
 
The focus of this study is to explore the use of language switching by bilingual students as 
they engage in mathematical problem solving. It will involve a detailed examination of 
Iranian Non-English Speaking Background (NESB) primary students and their use of the 
Persian (L1) and English (L2) languages as they solve three different types of mathematical 
problems.  
 
2.1 INTRODUCTION 
A range of literature could be drawn on in order to inform and situate this study. To 
provide a general background and help identify the research that is most pertinent to this 
study, four broad areas of research will be considered briefly. The first of these will look 
at some of the literature relating to the educational experiences of children of immigrants 
in Australian school settings, in particular, studies related to their mathematics 
performance. This will be followed by a general consideration of research related to the 
learning of mathematics (e.g., Nesher and Kilpatrick, 1990), mathematical problem 
solving (e.g., Schoenfeld, 1985, 1992), and, finally, research related to the role of 
language in mathematics learning (eg, Laborde , Conroy, De Corte, Lee, Pimm, 1990; 
Ellerton and Clements, 1991; Clarkson, 1991; Mousley and Marks, 1991). 
 
2.1.1 Children of immigrants in Australia 
Bilingualism, which is defined here as the use of two or more languages, is practised by three 
different groups: immigrant groups in developed countries, students in developing countries, 
and indigenous groups in developed countries (Clarkson, 1991). These three contexts have 
similarities as well as differences with respect to the interaction of learning and bilingualism. 
However, in the present study the first group comprised NESB children who were placed in 
an ESL learning environment.  
 
Australia has a multicultural education system. Bilingual students and their parents are 
integrated facets of this multicultural education system (Meade, 1984). In such a 
system, the NESB students face new challenges in new environments and cultures, as 
Clarkson (1991) has noted “for immigrant students who do not understand the language 
used by the teacher (who normally comes from a dominant group in society) an 
immediate barrier is present (p. 5)”. 
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 In addition, parents’ views, beliefs and attitudes can have a considerable effect on the 
education process. “Parents can agree with educators’ views and take steps to reinforce them 
in their children. Or they can hold different views and cultivate these in their children (Meade, 
1984, p. 6)”. 
 
As a consequence, bilingual students may be isolated from mainstream classes due to 
cultural and linguistic differences.  
 
Up until the 1970s, bilingualism was considered a distinct disadvantage to learning in schools 
(Clarkson and Dawe, 1994). However, in 1977 Lambert reported that a high level of 
proficiency in both L1 and L2 could be associated with their school achievement.  Since then, 
the results of various research studies have shown that language proficiency plays an 
important role in academic achievement and school performance (Cummins, 1979), 
particularly in mathematics (Dawe, 1983; Clarkson, 1992; Clarkson and Galbraith, 1992; 
Clarkson and Dawe, 1994, 1996).  
 
The case for investigating mathematics performance in bilingual students is made by Clarkson 
and Dawe (1994) on the basis that this is 
 
an area of great social need, particularly in Australia given the many NESB students in our 
schools, and the accepted philosophy that competence in mathematics is an important social 
skill for a liberally educated person (p. 174). 
 
This passage implies that research into the mathematics learning of NESB students in 
Australia is needed. 
 
2.1.2 Learning mathematics 
A number of learning theories have been applied to the domain of mathematics. These are 
based on the major theories of learning which underlie curriculum planning in the schools and 
are generally classified into two groups: the “Directed” method and the “Constructive” 
method (Roblyer and Edwards, 2000, p.3). The Directed method derives from behaviourism 
(Skinner, 1953) and instructional design (Gagne 1985), while the Constructive method has its 
basis in cognitive development (Piaget, 1970; Bruner, 1960) and social constructivism 
(Vygotsky, 1978) (as cited in Roblyer and Edwards, 2000). According to Behaviourism, the 
teacher provides controlled experiences for students. The fundamental elements of each 
lesson are taught sequentially and then, a response is expected from the student. While in 
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constructivist learning, the teacher is seen to be a facilitator who stimulates the students’ 
critical thinking (Roblyer and Edwards, 2000). As constructivism in its various forms, is 
currently viewed as the dominant theoretical perspective in this field, this will be elaborated 
below.  
 
Constructivists believe that students construct their new knowledge throughout an active 
participation in the learning process. This view has had a major influence on mathematics 
education in the last two decades (Nickson, 1992; Roblyer and Edwards, 2000, Olivares, 
2002). In the constructivist approach, mathematics students should be provided with 
opportunities to construct knowledge internally; to be able to meaningfully apply knowledge 
to develop the needed skills, and to promote problem solving through group work (Koehler 
and Grouws, 1992; Lerman, 1996; Roblyer and Edwards, 2000). This view has recently been 
expanded to include social interaction as a key component. This is summarised by Kanes 
(1993) as follows: 
 
in the usual constructivist view of learning mathematics the student is engaged in the active 
process of constructing meaning for instructionally given target concepts. [While,] Cobb, 
Yackel, and Wood (1992) and others propound an alternative view, social constructivism, 
which treats mathematics both as an individual constructive activity, and as a social practice. 
On this view, learning operates as an individual cognitive action (construction of 
interpretations) made compatible by social interaction with the collective interpretations of 
mathematically acculturated practitioners (p. 361).  
 
The social constructivist theory of learning has offered a new perspective suggesting that 
students should receive opportunities to interact with their peers and teachers to develop their 
knowledge (Boaler, 2001). The implications of social constructivism for the mathematics 
learning of bilingual students, particularly when they are engaged in problem solving, either 
individually or in the classroom, has been raised recently as a major issue (Barwell, 2005). 
Given the claim by Masingila, Lester and Raymond (2002) that there is a relationship between 
problem solving and learning: 
 
first and foremost, students should be engaged in the solution of thought provoking problems. 
Not only should students learn to solve problems, but they should also learn mathematics via 
problem solving (p. xv),    
 
it is both important and timely to consider the learning process of bilingual students. This will 
provide a background to the experience of bilingual (NESB) students and their mathematics 
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performance. Hence, the relevant literature on bilingual students from different ethnic groups 
in relation to mathematics context, should be considered (eg, Hewitt, 1977; Meade, 1984; 
Ainley, Goldman and Reed, 1990; Clarkson and Dawe, 1994, 1996; Clarkson, 1996; 
Bernardo, 1999, 2002; Bernardo and Calleja, 2005; Latu, 2005, Erktin and Akyel, 2005). The 
literature on bilingualism and the mathematics performance of bilingual students will be 
reviewed briefly in section 2.2.   
 
The foregoing also suggests that, for the purposes of this study, it is important to consider the 
general research related to mathematical problem solving. Schoenfeld (1985, 1992) has 
developed a comprehensive theory of mathematical problem solving and advocates that 
understanding and teaching mathematics should be approached through problem solving. This 
broad area will be considered below. 
 
2.1.3 Mathematical problem solving 
Mathematical problem solving is popularly regarded as the broad behaviours that are engaged 
in when individuals and/or groups solve problems which may vary from what might be 
regarded as routine, algorithmic exercises to more unfamiliar questions and investigations. In 
this regard Schoenfeld (1992) claimed that the expression “problem solving” has been used 
with various meaning, ranging from “working rote exercises” to “doing mathematics as a 
professional” (p. 334). 
 
Some authors have restricted the definition of mathematical problem solving to the process of 
“working on unfamiliar problems” (eg, Schoenfeld, 1992, p. 356), or as a “grapple with new 
and unfamiliar tasks” (Polya, 1945, 1957, as cited in Schoenfeld, 1992, p. 354), or  as 
behaviours “directed at achieving a goal”, which occurs when students are dealing with 
solving “a task or situation [that] have no immediately available solution strategy” (Siemon 
and Booker, 1990, p. 5). During problem solving the student applies “previously acquired 
mathematical skills and processes in new or unfamiliar contexts” (Linthorne and Doolan, 
2003, p. 9). The problem solving process is an organised multi-step task involving 
understanding the question, choosing a plan, implementing appropriate solution strategy(ies), 
and reflecting on a performed task (National Council of Supervisors of Mathematics; NCSM, 
1989; O’Connell, 2000). In the problem solving process  
 
through group and classroom discussions, students can examine a variety of approaches and 
learn to evaluate appropriate strategies for a given solution. The instructional goal is that 
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students will build an increasing repertoire of strategies, approaches and familiar problems; it 
is the problem solving process that is more important, not just the answer (National Council 
of Teachers of Mathematics, 1989, p.77). 
For bilingual students, solving mathematical problems in a second language, involves two 
aspects; the mathematical aspect, and the linguistic aspect (Barwell, 2005). A requirement for 
discussion and/or classroom interaction obliges/causes us to examine the fact that, a problem 
solver will need to have a reasonable command of language as this will facilitate the students’ 
ability to understand, and ultimately solve the problem.  
Since this study particularly concerns the role of language switching in mathematical problem 
solving, it will be necessary to consider the literature related to the mathematics problem 
solving process, in particular, the mathematical and linguistic aspects that affect problem 
solving. More specifically there is a need to consider the literature on NESB students in this 
regard (eg, Clarkson and Dawe, 1994, 1996; Clarkson, 1996; Latu, 2005), which focuses on 
factors affecting language switching in relation to problem solving. This literature will be 
discussed in section 2.3. 
2.1.4 Role of language in mathematics learning 
Language can facilitate more successful learning through the process of social interaction in 
the classroom. In fact, language plays two major roles in mathematics contexts; in the 
representation of problem, and in classroom communication (Laborde et al., 1990).  
 
When learning mathematics in schools, students are faced with written formulations by the 
textbook or by the teacher, with the oral discourse of the teacher in the classroom, and with the 
talk of their classmates. The content of these statements deals with a wide range of objects, 
ideas, and activities (Laborde et al., 1990, p. 53). 
   
Learning mathematics, in particular, engaging in the problem solving process, involves 
different aspects of language such as reading, listening, writing, and discussing. A feature of 
the language of mathematics text books is, 
 
the use of natural language and  of a writing system made of signs exterior to the natural 
language such as +, x, and <, together with letters or numerals that can be combined according 
to specific rules in order to create well-form expressions like b² + c or a = 4. In most cases these 
symbolic expressions are embedded in sentences written in natural language (Laborde et al., 
1990, p.56). 
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Teacher-student and student-student communications (interactions) have been viewed as 
important in mathematics learning, particularly in problem solving (Barwell, 2005). Laborde 
et al. (1990) also pointed out that, language is used differently in the mathematics classroom 
depending on the linguistic context. For example,   
 
the way a teacher speaks in mathematics classroom differs from the language used in 
textbooks. The teacher’s speech contains more implicit statements, more ambiguities that 
often can be cleared up by means of the teacher’s presence, gestures, and possible questions 
asked by the students. This kind of language has recourse too repetition as every oral 
discourse does, whereas written mathematical texts avoid redundancy and aim at a concise 
and compact presentation (Laborde et al., 1990, p. 56). 
 
In the multicultural classroom where bilingual students have to communicate with teachers 
and other students, these students experience considerable difficulty. Bilingual students face 
challenges when solving mathematical problems in particular (e.g., Clarkson, 1991; Olivares, 
2002; Latu, 2005), and it is suggested that this issue needs to be further examined by teachers 
(Olivares and Lemberger, 2002). This challenge may be due to the need to understand a 
problem and access knowledge in the classroom (Darling-Hammond, 1995). In an ESL 
context, if a bilingual student has proficiency in English this may assist them to understand a 
mathematical problem, hence improve their achievement.  
 
A consideration of literature on bilingualism and the mathematical problem solving 
process, leads to and informs a more detailed examination of the role of language in 
mathematics performance of bilingual students. This will offer a basis for addressing the 
key research purposes. Literature related to the interaction between language and 
mathematics performance for these students should be considered (eg, Miura et al., 1988, 
1994; Clarkson and Dawe, 1994, 1996, Bernardo, 1999, 2002; Bernardo and Calleja, 
2005; Han and Ginsburg, 2001; Wang and Lin, 2005; Latu, 2005), which will be reviewed 
in section 2.4.  
 
2.2 BILINGUALISM AND MATHEMATICS PERFORMANCE 
Bilingualism refers to the use of two or more languages by a person, a group, or a community 
and may be defined from different viewpoints such as, the political, social or cognitive 
(Camilleri, 1995).  A bilingual individual can be defined as using both languages for means of 
communication ranging from minimal proficiency in the L2 to equal mastery or fluency in 
both languages (Collison, 1974). Hornby (1977) stated, bilingualism is not an 
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all-or-none property, and may exist to degrees varying from minimal competence to complete 
mastery of two languages ( p. 3). 
 
In order for bilingual students to develop and share meanings in the multicultural classroom, 
they must interact with their peers. While in most urban schools many languages are 
represented by NESB students, English is used as the language of the classroom (Clarkson 
and Dawe, 1996). Different ethnic groups in an ESL context have different levels of access to 
knowledge in the classroom (Darling-Hammond, 1995) that may affect (their) school 
achievement. Differences could be due to linguistic aspects that differentiate bilingual 
students in relation to time of acquisition of the L2, relative development of the L1 and L2, 
and relative proficiency in both the L1 and L2. These aspects are described below. 
 
a) Time of acquisition of the L2, for example simultaneous acquisition of two languages 
by a young infant is called infantile bilingualism while sequential or consecutive 
bilingualism refers to second language acquisition after the age of three.                          
b) Relative development of L1 and L2, meaning that sometimes language development 
may occur simultaneously or be co-existent, as sometimes the bilingual student uses 
languages separately for different contexts and situations.  
c) Relative proficiency in L1and L2, for example a balanced bilingual refers to a person 
who knows and uses two languages equally well, but other bilingual people may be 
more dominant in one language than the other. The dominant language in bilingual 
students may vary for written or spoken purposes (Camilleri, 1995).  
  
Each of the above aspects could determine distinctions between bilingual students in the 
mathematics classroom. For example, two students who are infantile bilinguals may have 
different levels of proficiency in either language.  
 
Observation of the classroom activities of bilingual and monolingual students have shown that 
the process of mathematics learning may exclude bilingual students participation in classroom 
discourse (Khisty, 1995). In this situation, bilingual students may experience more challenges 
than monolingual peers in their mathematics learning (Clarkson, 1996; Latu, 2005). Also this 
disparity affects the bilinguals’ performance compared with their peers. On account of the 
teacher being a monolingual English speaker, bilingual students are required to swap 
languages in thinking about their class work (Clarkson and Dawe, 1994, 1996). In this 
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context, language switching occurs, which is defined as the use of L1 for at least part of the 
process of solving a mathematics problem (Clarkson, 1996). In most circumstances, it is 
going to be useful for bilingual students to switch between languages to do their class work in 
the second language.  
 
Two main aspects of bilingualism in relation to the multilingual classroom are considered in 
the literature. These are the educational achievement of bilingual students in the classroom 
(compared to their monolingual peers), and language switching in bilingual students which is 
common practice in classroom. As this study involved the mathematical performance of 
Iranian bilingual students in Australia, it is important to review the literature on mathematical 
performance of bilingual students from different ethnic groups in the Australian context, 
(section 2.2.1) and, in addition, the use of language switching when bilingual students are 
engaged in solving mathematical problems (section 2.2.2).   
 
2.2.1 Mathematics performance of NESB students (in Australia)  
Prior to the last thirty years, most experts in the field of education assumed that being 
bilingual was not associated with high levels of school achievement. They thought that, while 
attempting to use both languages in the classroom, bilingual students “would inevitably have 
to contend with the confusion between the languages that would certainly ensue” (Clarkson 
and Dawe, 1994, p. 173).  
 
Results of part of a large longitudinal study, conducted during the 1970s by the Australian 
Council for Educational Research (ACER) on 10 year-old and 14 year-old students, showed 
that certain NESB students had significantly poorer performance than their peer group of 
monolingual English speakers (Hewitt, 1977). Hewitt also found that an important 
relationship exists between proficiency in reading English and mathematics performance in 
bilingual students.  
 
However, Meade’s study (1984) on bilingualism and school performance of NESB students in 
Australia found that two or more languages do not adversely affect academic achievement. 
One part of this study was conducted with secondary school students in Sydney (Years 9 to 
12, from 1974 to 1978) and another part in Queensland (Years 10 to 12, from 1979 to 1981). 
Through this longitudinal study of school performance, perceptions and experiences of 
different ethnic subgroups of NESB students were compared with students from an English 
speaking background (ESB). Results showed that in Sydney, NESB students outperformed 
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their ESB peers but within the NESB group, Italian, Lebanese and Maltese students had poor 
school performance compared to Greek and Yugoslav students. In contrast to the Sydney 
findings, in the Queensland study, ESB students achieved higher levels of performance than 
the NESB students. A possible reason for the difference in the results between the two cities 
may be related to different sampling, 
 
as the Queensland school sample includes non-government schools and a rural school and was 
selected purposively on the basis of SAS [Secondary Allowance Scheme] criteria, it does not 
parallel the Sydney school sample (Meade, 1984, p. 2).  
 
The role of proficiency of language used (by students), was not considered in this study, so 
results should be interpreted cautiously.   
 
Meade’s findings are important as they suggested the need for further research on the 
academic performance of bilingual students. Ainley, Goldman, and Reed (1990) studied 1527 
Year 5 and 1559 Year 6 monolingual and bilingual students in Australia. They found that 
NESB students performed less well on a mathematics test compared to other students. 
However, this was only statistically significant for Year 6 students. They suggested that “the 
Year 6 mathematics test was more dependent on language ability than the Year 5 test” (p.89). 
It should be noted that although ESB students outperformed their NESB peers on the English 
reading comprehension test, the level of proficiency of the bilingual students in their L1 was 
not considered in this study, so it was not possible to explore any possible relationship 
between L1 proficiency and mathematics performance.  
 
Clarkson and Dawe (1994) carried out a longitudinal study involving 700 Italian, Arabic, 
Vietnamese, and Cambodian bilingual students and 200 monolingual English speaking 
children in Australia. In this study, students were considered in relation to mathematical 
problem solving as they progressed from Year 4 to Year 8. Based on previous studies on 
Papua New Guinea bilingual students by Clarkson (1992), and on four different ethnic groups 
of NESB students (Italian, Punjabi, Mirpuri, Jamaican Creole) in England by Dawe (1983), 
they speculated that the level of proficiency in each language for a bilingual student, will 
effect their mathematics performance, when it involved mathematical problem solving. As a 
part of the previous (1994-1996) longitudinal study as it related to the Year 4 bilingual 
Vietnamese students in Melbourne (N=85) and Sydney (N=57), Clarkson and Dawe (1996) 
explored the relationship between mathematics performance and the level of proficiency in 
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their L1 and L2. Findings of this study revealed that a high level of proficiency in each 
language may have a positive effect on performance on mathematical tests.  
 
Although the earlier studies in Australia simply considered all NESB students as a group, 
Clarkson (1996) and Clarkson and Dawe (1996) compared each ethnic groups’ mathematics 
performance in the bilingual Year 4 students in Melbourne and Sydney, as well as with their 
monolingual peer students, when solving mathematical questions. They suggested that 
different groups of bilingual students should be treated separately to gain any insights that 
may be related to their culture (Clarkson and Dawe, 1994). The authors (Clarkson and Dawe, 
1994) stated that in such studies,  
  
parental educational expectation for their children, …as well [as] information on year of 
arrival in Australia, common languages spoken in the home, and languages used if helping 
with school related assignment … have proved useful [to be investigated] (p. 177). 
 
The importance of considering the views and attitudes of the parents of bilingual students was 
also noted by Meade (1984), for example, 
 
language spoken in the family home, …attitudes to the teaching of ethnic languages, … 
parents’ influences on [students’] hopes for  future education and jobs, … NESB family 
cohesion and solidarity, and unity of family purpose in relation to children’s futures [are 
important] (pp. 3,  117). 
 
Based on these statements (by Clarkson and Meade) it would seem that parents' attitudes 
may have an impact on the use of L1 in different situations such as learning mathematics 
in classrooms. Parents’ expectation also may have some influences on their children 
future life. This consideration has to be noted in research involved with bilingual students 
as the information of parents’ view that outlined above may provide a rich (an enriching) 
insight into the use of L1 when solving mathematical problems.  
 
2.2.2 The use of language switching by NESB students  
Language switching or code-switching refers to the “use of more than one language in the 
same conversation” (Adler, 2001, p. 73). In a bi-/multilingual mathematics classroom 
language/code-switching occurs, when students are learning in an additional language. Recent 
mathematics education research in bi/multilingual settings, have focused on language 
switching (LS) and the extent to which this impacts learning. For example, Moschkovich 
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(1996) and Khisty (1995) in the USA, and Ndayipfukamiye (1994) in Burundi and Setati 
(1996) in South Africa have all reported various ways “in which switching between the 
learners’ main language and English (or French) by the teacher enhances the quality of 
mathematical interactions in the classroom” (Adler, 2001, p. 75). 
 
Adler (2001) referred to a study on Year 4 students in South Africa (Setati, 1998), where the 
language of learning and teaching was English. In these classrooms both teachers and students 
switched to their language (Setswana) in calculational mathematical discourse. They reported 
that learners communicate their mathematical thinking more easily in Setswana language but 
they also have to learn mathematics in English. Hence, this switching improves the feature of 
mathematical interactions in the classroom. Vithal (2005) reported the results of a series of 
studies conducted on primary students in South Africa, in Cape province (Ncedo, Peires & 
Morur, 2002), and KwaZulu- Natal province (Adendorff, 1993) that language switching is 
used “ to enable both learner-learner and learner-teacher interactions” (p. 93). Adler (2001) 
has also noted that:  
 
As research and development in language and learning in bi-/multilingual settings has shifted 
from regarding the learner as in some way deficient to embracing the presence and use of more 
than one language in teaching and learning as resource, so code-switching has become a taken-
for-granted ‘good thing’ (p. 75). 
 
As previously mentioned (section 2.2.1), the studies conducted by Clarkson (in Melbourne) 
and Dawe (in Sydney) in the 1990s, explored the relationship between mathematics 
performance and bilingualism. They published several papers (Clarkson, 1996; Clarkson and 
Dawe, 1994, 1996) and compared NESB students (from various ethnic groups) with each 
other, as well as with their ESB peers.  
 
Clarkson and Dawe (1994) speculated as to the occurrence of language switching among 
NESB students engaged in mathematical problem solving. They also conjectured some 
possibilities, which may prompt language switching. 
 
There are a number of possibilities including the following. Do students simply have a 
preferred language in which they wish to work when it comes to mathematics? This may 
occur because they habitually use their first language in most situations except when in the 
classroom in their first language. A further possibility deals with the perceived difficulty of a 
problem. Does this prompt students to switch languages? … A third possibility seems to be a 
rich situation to explore, that of the mathematical context. Will there be a variation if students 
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are confronted with symbolic algorithmic items, with routine mathematical word problems, or 
with open-ended mathematical questions? (Clarkson and Dawe, 1994, p. 175) 
 
Based on this speculation, they reported later (1996) that bilingual students switch between 
languages when performing different types of mathematics questions (symbolic, open-ended 
or novel, word problems). They also found that language switching occurred more in word 
problems than in other types of problems because the linguistic demands of word problems 
are different from symbolic questions. For instance,  
 
the arithmetic problem solving of bilingual students was poorer with the word problems in 
both first and second languages compared with the same problems presented in a purely 
numeric (symbolic) format (Bernardo, 2002, p. 293).  
 
As part of the longitudinal study, which is mentioned in the previous section, Clarkson (1996) 
reported the findings for two ethnic subgroups including 80 Vietnamese and 32 Italian 
bilingual, Year 4 students in Melbourne. He found that the Vietnamese NESB students used 
more L1 to solve the mathematical items - which involved symbolic, word and novel problem 
formats - than the Italian NESB students (Table 2.1).  
 
 
Table 2.1. Use of L1 in solving maths items (Adapted from: Clarkson, 1996) 
Math Tests % of students using L1 
for at least one item  
% of students using L1 for 
all items 
% of students using L1 for 
no items 
Vietnamese Italian Vietnamese Italian Vietnamese Italian 
Symbols 43 22 14 9 56 78 
Word Problems 53 28 9 10 47 73 
Novel Problems 41 28 8 9 59 73 
 
Results revealed that language switching for at least one item by the Vietnamese and Italian 
bilingual students occurred, more in word problems than in other type of questions.  
 
In a study of 42 senior (Year 12) bilingual Pasifika students in New Zealand, Latu (2005) 
found that these students experienced difficulty due to the complexities of the mathematical 
sentences, which in turn prompted language switching. His findings indicated that, 
“[language] switching is a common practice for the bilingual students in their classrooms” (p. 
489). 
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2.3 FACTORS AFFECTING MATHEMATICAL PROBLEM SOLVING 
The literature relevant to mathematical problem solving is too large to review in the context of 
this study. As mentioned at the beginning of this chapter (section 2.1.3), some mathematics 
education researchers have stated that problem solving is a process involving working on rote 
exercises or unfamiliar conditions. (Schoenfeld, 1992). Siemon and Booker (1990) have 
claimed that problem solving occurs whenever students want to work on a problem for which 
they have no immediate available solution strategy. Problem solving, 
 
in the spirit of Polya is learning to grapple with new and unfamiliar tasks when the relevant 
solution methods (even if only partly mastered) are not known (as cited in, Schoenfeld, 1992, 
p. 354). 
 
Any problem may be defined as a routine or genuine question, depending on why, how and 
when it is used, and (the student) who is trying to solve it.  
 
Notice that, having a problem is a very personal phenomenon [sic]. It depends on who you 
are, what you know and how you feel about the task in question (Siemon and Booker, 1990, p. 
5). 
 
For example, although a task that engages a Year 1 student actively in the learning process 
may be regarded as a problem for that student, the same task may not sensibly be regarded as 
a problem for a Year 5 student.  
 
Problem solving is regarded by many as the central focus of a mathematics curriculum 
(O’Connell, 2000). Schoenfeld (1992) also maintained that problem solving is at the “heart of 
mathematics” and presented Polya’s approach to problem solving.  
 
The mathematician best known for his conceptualisation of mathematics as problem solving, 
and for his work in making problem solving the focus of mathematics instruction, is Polya. 
Indeed, the edifice of problem-solving work erected in the past two decades stands largely on 
the foundations of his work (Schoenfeld, 1992, p. 339). 
 
The mathematical problem solving has been described in terms of five steps by O’Connell 
(2000). These are presented in Table 2.2 below. 
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Table 2.2: O’Connell’s five steps in problem solving (Adapted from O’Connell, 2000, p. 69) 
Steps Description 
1. Understanding the Question What is the problem you are being asked to solve?  
2. Choose a Plan What strategy will you use to solve the problem? 
What do you think the answer will be?   
3. Try your plan Try your strategy to solve the problem. 
4. Check your answer Does your answer make sense? 
Are your calculations correct? 
5. Reflect on what you’ve done Why did you pick the strategy you did? 
 
Lerman (2001) has described the elements of problem solving in terms of negotiating 
‘mathematics meanings’, ‘the use of mathematic language’, and ‘the use of strategies’. All of 
these are “the tools with which students think and speak mathematically” (p. 107).  
 
Given the above viewpoints, difficulties in problem solving may be related to the problem 
solving process. On focussing on the relevant literature in the bilingual context, suggesting 
that in turn, problem difficulty may prompt language switching (Clarkson, 1996; Clarkson 
and Dawe, 1994, 1996; Latu, 2005). There are two major aspects of difficulty which are likely 
to have an impact on bilingual students’ problem solving ability. The first aspect is difficulty 
with problem comprehension (Clarkson, 1996; Clarkson and Dawe, 1994, 1996; Bernardo, 
1999, 2002), which is discussed in section 2.3.1. The second is difficulty with implementing 
an appropriate strategy or algorithm (Clarkson, 1996; Latu, 2005), as is discussed further in 
section 2.3.2.  
 
2.3.1 Difficulty with problem comprehension  
Any student, irrespective of language background, may sometimes experiences difficulty with 
comprehending the written text of a mathematics question involving natural language and /or 
mathematics signs, so they are not able to continue solving a mathematics problem. This 
difficulty may be attributed to difficulty in reading the problem or understanding the concepts, 
which needs to be extracted from the problem statement (Laborde et al., 1990). For bilingual 
students, language switching may occur at the stage of comprehending the problem (Clarkson 
and Dawe 1996; Latu, 2005). However, they may still not be able to solve the problem due to 
a lack of conceptual understanding. It will need effective application of prior mathematical 
knowledge to choose an appropriate strategy (O’Connell, 2000; Linthorne and Doolan, 2003). 
The two steps of difficulty with problem comprehension: difficulty in interpreting 
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language/symbols in problem statement and difficulty in interpreting concepts relevant to/ or 
needed to solve a task are discussed (reviewed) below. 
 
Difficulty in interpreting language/ symbols in problem statement 
Results of several studies on bilingual students (Clarkson and Dawe, 1994, 1996; Clarkson, 
1996; Bernardo, 1999, 2002, Bernardo and Calleja, 2005, Latu, 2005; Erktin and Akyel, 
2005) have revealed that mathematical problem solving is not purely an abstract and 
decontextualized process, but is affected by factors such as language use. During the 
mathematical problem solving process, bilingual students may use their L1 to facilitate 
comprehension (Clarkson and Dawe, 1994, 1996). Experiencing difficulty in interpreting 
language or symbols in problem statements in L2, could undermine bilingual mathematics 
competency. This issue is more prominent when the mathematical problem is stated in a word 
format, which may restrict the student’s ability to proceed towards other steps of the solution 
process including making a plan, or choosing a strategy (Bernardo, 2002).   
 
In exploring the relationship between language and mathematics problem solving, Bernardo 
(2002) conducted a study on 92 Year 2 bilingual students in the Philippines. This study 
involved 48 students whose first language was Filipino and 44 students whose first language 
was English. Bernardo reported that bilingual students, who are faced with mathematics word 
problem texts in their L2, experience more difficulty understanding the question compared to 
their peers who process word problems in their L1. Bilingual students’ understanding and 
solving of a mathematical word problem in an EFL context improves when the text is written 
in their L1. Bernardo (2002) presented the L1 advantage to be as follows: 
 
 the students were better able to understand and solve problems in their first language, whether 
the first language was English or Filipino. Moreover, the advantage was more marked with the 
easy [word] problems (p. 283). 
 
Consequently, language switching may be more likely to occur when difficulties arise, 
as Clarkson and Dawe (1996) reported that “if the student feels the item is difficult 
because of meaning not being clear, when reading or comprehending the problem, a 
switch [to L1] may occur” (p.159). 
 
For instance, Latu (2005) reported difficulty in interpreting some mathematical signs such as 
> (greater than) or < (less than) among New Zealand bilingual students. He concluded that 
the complexities of mathematical questions “provide extra challenges for these students 
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…[and] play a major role in the language features that impede Pasifika students’ learning of 
mathematics” (p. 489). 
 
Furthermore, Clarkson (1996) reported that solving word problems was more difficult than in 
the case of symbolic questions due to difficulty in understanding the language used in the 
problem. Thus, it remains to be seen whether or not this is the same issue for Iranian NESB 
students. 
        
Difficulty in understanding concepts related to/ needed to solve a task  
After reading a mathematical question, a problem solver needs prior knowledge to be able to 
interpret concepts related to the mathematical problem. According to O’Connell (2000), 
student ability to use a correct operation or algorithm  
 
can often be a reflection of the way in which they were taught each operation. Students who 
memorize math facts without developing a clear understanding of the concepts may have 
more difficulty identifying when each operation should be used than those students who 
developed an understanding of each concepts through demonstrations, explanations, and 
hands-on experiences (p. 19). 
 
Conceptual understanding is achieved through the “transfer” of knowledge leading to an 
understanding of the new circumstance which is different to the circumstances in which that 
knowledge was developed (Schoenfeld, 1992). 
 
The construction of the problem interpretation is done by students in interaction with their 
ability to develop a solution strategy. The student’s interpretation … is likewise based on 
hypotheses elaborated by the student about the mathematical content that are dependent on his 
or her mathematical knowledge (Laborde et al., 1990, p. 68). 
   
If the problem solver cannot construct a relevant plan in that situation, they will not be able to 
carry out a task properly. Therefore, an appropriate understanding of the mathematics 
concepts of  a problem facilitates implementing the skills, and strategies necessary. Difficulty 
arising in conceptual understanding of a problem during the solution process in bilingual 
students is more dependent on their mathematical knowledge than their proficiency in their 
L1 and/ or L2.  
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2.3.2 Difficulty with implementing an appropriate solution strategy/algorithm 
As explained in section 2.3.1, the first step in successfully solving any mathematical problem 
is to develop an understanding of the language in the problem statement. It is also important 
for students to choose the appropriate operation or strategy to deal with the problem based on 
prior knowledge (O’Connell, 2000). The phase outlined above is followed by the 
implementation of the chosen strategy as discussed here.  
 
In primary years mostly the basic operations (algorithms) are applicable in the mathematical 
problem solving process. To implement these basic algorithms, the students’ prior knowledge 
has been viewed as an important issue to successfully solving the problem. As Masingila, 
Lester and Raymond (2002) have claimed, 
 
a solid understanding of addition, subtraction, multiplication, and division is crucial to being 
able to do mathematics, and these operations play central parts in the elementary school 
mathematics curriculum (p. 71). 
 
Difficulty in solving a problem in bilingual students may arise while implementing the chosen 
strategy. For example, Latu (2005) in a study on bilingual students in New Zealand (section 
2.2.2) reported that it is difficult for these students to implement strategy/ algorithm. This 
solution strategy is defined below, as being able to, 
 
carry out appropriate computation, … appropriate problem solving strategies… [that] provide 
the comprehension skills needed to successfully make sense of and solve mathematical word 
problems (Latu, 2005, p. 489). 
 
As a result, there may be some difficulty or inability to make progress in the solution process, 
while implementing a chosen strategy may prompt language switching (Clarkson and Dawe, 
1996; Latu, 2005).  
 
2.4 LINGUISTIC FACTORS AND MATHEMATICS COMPETENCY OF 
BILINGUAL STUDENTS 
Reference to the wide ranging literature on the analysis of language in the mathematics 
classroom is needed to inform this study (see, for example, Ellerton and Clements, 1991). The 
interaction between language and mathematics learning plays an important role in the 
mathematics classroom in which bilingual students are engaged in the student-student and 
student-teacher discourse. In a constructivist classroom context, “mental representation” and 
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the “linguistic features” of the mathematics problem solving process are important. As 
Laborde et al. (1990) have stated,  
 
some studies mention that a positive outcome is not guaranteed solely by the verbal 
interaction between students; the features of the task, the relative status of the students, …, 
and their language proficiency affect the interaction and its effect on the [problem] solving 
process (p. 66). 
 
In a multicultural context, the language, as represented by the bilingual student for 
“comprehending: the question, and the “linguistic features” used in statement of the problem 
are important in solving mathematical problems. As bilingual students may use L1 and L2 for 
solving problems (Clarkson, 1996), and given a reasonable (prior) mathematical knowledge, 
high proficiency in both languages could have a positive effect on problem comprehension 
that may lead to greater competency in mathematics. Therefore, it is important to consider the 
relationship between proficiency in both languages and mathematics performance as is 
discussed in section 2.4.1. The first language of bilingual students could affect “thinking and 
mathematics achievement" (Wang and Lin, 2005). In addition, high proficiency in L1 can 
facilitate bilingual students’ comprehension of mathematics problems. The relationship 
between the nature of the L1, in terms of linguistic factors such as structure of L1, 
explicitness of L1, and vocabulary of L1, and mathematics performance will be considered in 
section 2.4.2. The role of language, in which the problem is stated is important for “conveying 
and portraying mathematical ideas” (Wang and Lin, 2005). As the previous literature showed 
(see 2.3.2), bilingual students experience more difficulty with word problems than symbolic 
questions due to their linguistic demands. Therefore, the clarity of the language used in the 
problem may facilitate comprehension of the problem, which in turn can lead to success in the 
problem solving process (Bernardo, 1999, 2002). The clarity of language, in which the 
mathematical problem is stated will be discussed in section 2.4.3. 
 
2.4. 1   Role of language proficiency in educational achievement, including mathematics 
In the last few decades, the positive influence of bilingualism on academic performance under 
certain circumstances has been reported on. For example, Lambert (1977) found that bilingual 
students with proficiency in both languages (L1 and L2) had a higher level of educational 
achievement than their matched, monolingual peers. This is supported by Cummins (1979) 
who showed that a high level of proficiency in both languages is critical for academic 
achievement. Cummins’ theory is explained in more detail below. 
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Cummins’ Theory 
Cummins (1979) proposed the “threshold” hypothesis to account for the role of language 
proficiency in academic performance. Cummins’ theory is based on the links between 
cognitive tasks and educational performance. This theory indicated that there may be a 
minimum or threshold level of proficiency of L2, which may lead to a high educational 
performance in bilingual children. In this regard, balanced bilinguals - students with a high 
level of proficiency in both languages - outperformed their monolingual counterparts across 
all areas of the school curriculum. This level of performance, which indicated a cognitive 
advantage, is associated with the upper threshold of proficiency in L2.  At the same time, the 
children with a low proficiency in both the L1 and L2 showed a lower level of school 
performance than the students who were proficient in one of the languages (one-dominant 
bilingual). This second group represents the lower threshold of proficiency in L2, while the 
second language is replacing the first language (Cummins, 1979, 1991; Cummins and Swain, 
1986). This hypothesis refers to the impact of the learning environment on the level of 
language proficiency and cognitive functioning in bilingual students. In an attempt to explain 
this relationship, Cummins (1979, 1991) defined two learning environments: additive and 
subtractive environments. 
  
An additive environment refers to an environment in which the student has a strong first 
language (L1) proficiency and where the “L2 is being learned to add to the repertory of skills” 
(Clarkson 1991, p. 13). In an additive learning environment, balanced bilingual students with 
a high level of competency in the second language (L2) seem to have a cognitive advantage 
and outperform their monolingual peers (Clarkson, 1991). In a subtractive environment, 
where the original language (L1) of the student is being replaced by the L2, bilingual students 
with low competency in their second language (L2) “are even worse off [on school 
performance] than students who are clearly dominant in one of the languages” (Clarkson 
1991, p. 13).  
 
Based on these definitions, Cummins defined two categories for his threshold theory: an 
upper and a lower (see Figure 2.1). An upper threshold refers to the educational performance 
of balanced bilingual students in an additive environment, while, a lower threshold refers to 
the educational performance of bilingual students with a low proficiency in either language in 
a subtractive learning environment. There is also another educational environment that is 
neither additive nor subtractive with neither positive nor negative cognitive effects. This level 
of bilingualism applies to bilingual students who are more proficient in only one of their 
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languages, either the first or second language. However, this group outperformed the other 
students (their peers) with a low proficiency in both the L1 and L2 (Figure 2.1) (Cummins, 
1979; Clarkson, 1991) 
 
Figure 2.1: Level of bilingualism and different learning environment (Adapted from Clarkson, 1991) 
 
The level of  
Bilingualism attained: 
Additive                                                                            Positive Cognitive effects                                  Upper Threshold 
One                                             Neither positive nor 
language                                    negative cognitive  
dominant                                   effects 
 
Subtractive                                                                       Negative Cognitive effects                                     Lower Threshold 
 
During the past decade, the study of bilingualism and language proficiency has mostly 
focussed on acquisition of the second language. The relationship between proficiency in the 
L1 and L2 of bilingual students and their academic performance has also been considered in 
recent literature (Cummins, 2000). In these students, language proficiency appears to play an 
important role in learning and educational achievement. More specifically, a number of 
studies have addressed the mathematics performance of bilingual students in terms of 
proficiency in both languages (Clarkson and Dawe, 1994, 1996; Clarkson, 1996; Bernardo, 
1999, 2002; Bernardo and Calleja, 2005; Latu, 2005; Erktin and Akyel, 2005). These will be 
discussed briefly below. 
 
In support of Cummins’ theory, the Clarkson and Dawe (1996) and Clarkson (1996) studies, 
which are explained in section 2.2.1, found that balanced bilingual students with a high 
proficiency in both languages (upper threshold) outperformed their monolingual peers. 
However, those students with a low competency in both languages (lower threshold) did not 
perform as well as monolingual students or those with competency only in one language only. 
These results further support Cummins’ threshold theory. 
 
Similarly, Erktin and Akyel (2005) in a study of 250 Year 8 bilingual Turkish students in an 
EFL context reported a positive relationship between reading comprehension and mathematics 
performance. The Turkish bilingual students who were highly proficient in both L1 and L2, 
outperformed their peers with a low proficiency in both languages in the mathematical test 
presented in the L2, supporting the Cummins’ upper threshold hypothesis. In addition, 
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Bernardo (1999, 2002), and Bernardo and Calleja (2005) reported better mathematical 
performance in terms of problem solving in students who had a high level of language 
comprehension skills. The findings outlined above suggest that the students’ level of 
proficiency in both their L1 and in English, the language of their usual schooling, may 
influence mathematical performance, particularly in problem solving.   
 
2.4.2 The nature of first language  
Different languages have a different structure, vocabulary, and pronunciation, writing and 
reading styles. For example, Persian (Farsi) and English show distinct differences in syntactic 
and orthographic structures (Arefi, 1997). Persian has 32 letters in the alphabet and is written 
from right to left. Verbs are put at the end of Persian sentences, while in English verbs are 
often presented after the subject. The Sapir–Whorf hypothesis stated that the structure of a 
language affects the way we think and perceive the world (Clarkson, 1991; Wang and Lin, 
2005).  Some studies as presented below explored the impact of the first language, in 
particular its structure, explicitness, and vocabulary on mathematics achievement.  
  
Language structure 
Miura et al.’s (1988, 1994) studies have shown that in the beginning months of first grade, 
Chinese, Japanese and Korean students outperformed their American, French and Swedish 
peers in constructing symbolic numbers. The authors concluded that the congruence between 
the base-ten numeration system and the number naming systems in the Chinese, Japanese and 
Korean languages (which do not have any parallel in the English, French and Swedish 
languages) led to this achievement. In order to show this congruence in the Chinese language, 
it can be seen that the number 5 is called wu and 10 is called shi, so number 15 is called shi 
wu and number 50 is called wu shi. While, in the Persian language the combination of 
numbers is more consistent with English. For example, 5 is called panj and 6 is called shesh, 
so number 56 is called panjah-o-shesh. Another example is for the number 78, as 7 is called 
haft, and 8 is called hasht, and 78 is called haftad-o-hasht (-o- is a connection word, which 
means and) while, 87 is called hashtad-o-haft. This suggests that Persian students may 
experience some conceptual difficulty interpreting 2 digit numbers in a way similar to their 
English only speaking peers. 
 
Explicitness of language 
Another influence of the first language on mathematics performance is related to the linguistic 
clarity with which mathematics concepts are portrayed (Wang and Lin, 2005). Better clarity 
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of a language, in this instance Chinese, rather than in English, may contribute to a better 
understanding of mathematics, especially in the case of unfamiliar concepts (Wang and Lin, 
2005). For example, a study was conducted by Han and Ginsburg (2001) on Year 8 students 
comparing 29 Chinese bilinguals, with 20 English monolingual and 33 Chinese monolingual 
students when they were solving mathematical problems. These problems contained 
unfamiliar words related to the mathematical concepts, in both the Chinese and English 
languages. The Chinese bilingual and monolingual students outperformed their English 
monolingual counterparts. Findings suggest that the meaning of words in the Chinese 
language, are more explicit compared to these in the English language, hence they supported 
the mathematics competency of the Chinese students (Han and Ginsburg, 2001).  
 
There is a long history behind mathematics in Iran. Prior to Alexander the Great (6th century 
B.C.), the Iranian civilization had an elaborate system of mathematics and there was a major 
contribution by Iranian mathematicians to mathematics, particularly in algebra ( for example, 
the work by Khayyam - see Behzad, 2005; Iran Chamber, 2005; and Ghorbani, 1986). The 
mathematics of China has a history similar to that of Iran. However, there is no study to show 
the effect of/ relationship between the use of the Persian language and mathematical problem 
solving, as was the case for the Chinese language.  
 
Vocabulary for presenting mathematical concepts 
In some languages it is more difficult to describe mathematical concepts and principles than it 
is in the English language.. For example, in the Pasifika languages in New Zealand (including 
the Tongan and Samoan languages), there is no vocabulary to express some mathematical 
terms and ideas that play a key role in learning in the mathematics classroom, for example, 
‘divisor’, and ‘denominator’ (Latu, 2005). Thus these students need, the  
 
transliteration of English words that are phonetically translated into the Pasifika languages 
such as: "sikuea" for "square" (Latu, 2005, p. 484).  
 
 Moreover, due to the great social and cultural differences between Western and Tongan 
societies, mathematical terms and concepts such as “absolute value”, and “standard 
deviation” are not able to be clearly defined in the Tongan language (Fasi, 1999, as cited 
in Latu, 2005, p. 483). Hence, for Pasifika students, contextualizing the learning of 
mathematical words is a more demanding task (Latu, 2005). Additionally, combining 
mathematical terms, each with a unique concept, in a complex phrase to form a new 
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concept, for example “least multiple”, and “twice as much” may confound comprehension 
of the new concept. This difficulty could also be highlighted in word problems, as Latu 
(2005) has stated   
 
mathematical word problems provide some of the more cogent examples of mathematics 
discourse features at work. Processing sentences in such a linguistically dense context, 
coupled with the logical nature of many mathematical problems, requires the reader to rely on 
the sentence to convey clear and unambiguous meanings (p. 484).  
 
However, this is not consistent with some other languages. For example, in the Persian 
language there are often two or three similar words for each mathematical term, particularly 
basic mathematical operations involved in the primary mathematics classroom. For example, 
for subtraction (or minus, or take away) there are tafrigh (or menha, or bebar), respectively in 
the Persian language. This is similar to that of the English language with the use of 
subtraction or take away.  Because of the long history of mathematics in Iran, there is a 
specific term for each mathematics concept in the Persian language. It is not known to what 
extent the existence of these terms supports/ hinders Iranian students involved in an ESL 
context.  
 
2.4.3 Clarity of the language used in word problem 
Word problems are considered an important part of mathematics education, (Verschaffel, 
Greer, and De Corte, 2000) and this has been demonstrated in recent studies measuring 
students’ mathematics achievement globally (TIMSS, 2003). Being able to solve word 
problems can indicate the possession of knowledge and skill relating to associated "real-
world" situations (Bernardo, 1999, 2002; Bernardo and Calleja, 2005). As previously 
mentioned (see section 2.3.1), word problems have a basic linguistic component which affects 
the solution process. This process includes the formation of an accurate mental representation, 
comprehension, thinking, analysing and a correct solution to the problem (Clarkson, 1991; 
Bernardo, 2002). The findings of these studies suggest that the language in which the text 
problem is written affects the solution process.  
 
Studies conducted on primary students by Verschaffle, De Corte and Lasure (1994) in 
Belgium, Yoshida, Verschaffel and De Corte (1997) in Japan, and Bernardo and Calleja 
(2005) in the Philippines, used a similar testing instrument for the study of several groups of 
primary students. They administered a test including several pairs of word problems. The first 
problem of each pair was simple without any unclear text. Thus students could solve the 
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problems with one or two arithmetic operations. The second problem of each pair was more 
complex than the first and could be solved in a number of ways. For example,  
 
John has bought one plank of ten meters. How many planks of one meter can he saw out of 
this plank? 
  
 is a simple format, and  
 
John has bought 4 planks of 2.5 m each. How many planks of one meter can he saw out off? 
 
is a more complex one. Most students answered both question types with the same answer of 
“10 planks”. They reported that common to students from different countries across different 
languages, there was a "stereo-typed" response and "non-realistic" approach to solving the 
mathematical word problems above. This finding suggests that understanding the word 
problems mainly depends on the transparency of the problem statement: how difficult is it to 
comprehend the statement of the problem, and how difficult is it to identify an appropriate 
method for solving the problem? For example, 
 
the language in which [mathematical] word problems are stated affects how bilingual students 
apply their knowledge, procedures, and strategies for solving the problem. … Understanding 
[linguistic factors affected problem solving] should guide the development of alternative 
pedagogies for developing useful and applicable mathematical knowledge among [bilingual] 
students (Bernardo & Calleja, 2005, pp. 126-127).  
 
In another study Bernardo (1999) re-worded the mathematical problems with minor revision 
in the instructional materials in both the English and Filipino languages. In this case the 
mathematics problems were presented in a conventional and re-worded format. For example, 
the conventional format was:  
 
Jose won 3 balls. Now he has 5 balls. How many balls did Jose have in the beginning?  
 
and the re-worded format was:  
 
Jose has some balls. He won 3 more balls. Now he has 5 balls. How many balls did Jose have 
in the beginning? 
 
The result of this study showed that the re-wording facilitated problem solution, although  
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the effect of re-wording was mediated by the effects of the language; and the effects of the 
language also varied between the high- and low-achievement students (Bernardo, 1999, p. 
149). 
 
It can be concluded that, in a bilingual context, better comprehension and subsequent solution 
processes are more likely to occur when mathematical problems are presented in such a way 
as to clarify the relationship between the known and unknown quantities of the problem. 
 
Poor performance by bilingual students in word problem solving does not necessarily indicate 
that they do not have computational and conceptual skills in mathematics. Rather, it may be 
related to the linguistic factors, as Bernardo (1999) has stated: 
 
difficulties that students have in understanding and solving word problems in mathematics 
may be brought about by their difficulties with the English language, among others. Hence, 
the language of instruction may be creating noise in the learning process (p. 160). 
 
2.5      SUMMARY 
Problem solving is the central part of mathematics teaching and learning. A successful 
problem solver has to interact with the teacher and with the other students through classroom 
discourse. This classroom discourse involves the natural language as well as the mathematical 
terms and signs (language). In multicultural classrooms bilingual students are often unable to 
participate actively and successfully in the discourse patterns of mathematics classrooms. As a 
consequence, these students may not perform as well as their mono-lingual peers.  
 
Given the increasing number of immigrant families in Australia, it is not surprising that there 
has been a number of recent studies investigating the mathematics performance of bilingual 
immigrant children. Originally bilingualism was assumed to be a disadvantage for educational 
development, including mathematics. However, after the 1970s research showed that 
proficiency in both languages may be associated with mathematics performance in bilingual 
students. Clarkson and Dawe conducted a longitudinal study on several bilingual ethnic 
groups in Australia (1994, 1996). They explored the fact that language switching is a common 
practice when bilingual students are solving mathematical problems. They also found that the 
difficulty of mathematics problems is a major reason for language switching.    
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The question underpinning this research is how does both the L1 and L2 influence the 
mathematics performance of bilingual students when they are solving mathematical 
problems? Language may impact different areas and aspects of mathematical problem 
solving. Firstly, according to Cummins's (1979, 1991) theory and the studies by Clarkson 
(1991, 1992, 1996), Clarkson and Galbraith (1992), and Clarkson and Dawe (1994, 1996) the 
level of language proficiency in the L1 and L2 of bilingual students may have a relationship 
with the level of mathematical performance. Secondly, based on the “Sapir-Whorf” 
hypothesis the nature of the first language and clarity of the language used to state the 
mathematics affects thinking and hence the analysis of the mathematical problems (Clarkson, 
1991; Wang and Lin, 2005).   
 
In the bilingual context, for exploring school achievement, in general, and mathematics 
performance, in particular, Clarkson and Dawe (1994) recommended that different groups be 
considered separately. 
  
Unlike the few earlier studies in Australia which made no distinction on the basis of language, 
but simply treated NESB students as a group, we believe it important to treat such groups 
separately in the first instance to gain any other insights that may be pertinent to each culture 
(Clarkson and Dawe, 1994, p. 174). 
 
In a way similar to the Clarkson and Dawe study (1994), I was interested in exploring the role 
of language switching when Iranian NESB students are solving mathematics problems. To the 
best of my knowledge, there is no literature regarding language switching by Persian NESB 
students, their proficiency in L1/ L2, and their mathematics competency. Arefi (1997) 
conducted the only other study on 70 Iranian NESB Year 3, 4, and 5 students in Australia. 
Similar to the students of the current study, these students attended NSW State primary 
schools during week days and Persian schools on weekends. However, her study investigated 
the role of L1 literacy in L2 acquisition. Arefi found that English language writing 
development “relies strongly” on Persian language proficiency (p. 232). She also reported that 
 
Writing skills in English (L2), in a bilingual milieu (Australia), among Iranian primary school 
children who were instructed in their first language and at the same time attended regular 
Australian schools, appear to be related to Farsi (L1) writing skills (1997, p.231).  
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The findings of her study, which implied that Persian language writing skills could be 
transferred to the English language, support Cummins’ interdependence hypothesis (1979, 
1991).  
 
Nevertheless, there remains a gap in the literature regarding knowledge about the role of 
language switching in the mathematical problem solving of Iranian bilingual students in the 
Australian context. As the objectives of this study are similar to those of the Clarkson (1996) 
investigation, it was decided that it would be useful to replicate Clarkson’s (1996) study with 
a small group of Iranian NESB students in the Australian context. Hence it was decided that 
the central aim of this study would become to explore the role of language switching in 
mathematical problem solving. In particular, the research questions to be addressed by this 
study are:  
 
1. To what extent do Year 4/5 Iranian NESB students use language switching while 
solving different types of mathematical problems? 
2. What factors prompt language switching (if any) in this sample of bilingual students?  
3. Is there any relationship between proficiency in the L1 (Persian) and L2 (English) 
languages and mathematics performance/competency?  
4. What, if any, relationship exists between parents’ views and students’ backgrounds 
(details) and language switching? 
 
Based on the results of the increasing number of studies in the bilingual educational context, 
the linguistic factors outlined above may help to provide insight into the development of new 
teaching strategies for bilingual students in mainstream or bilingual education contexts. This 
may facilitate students' competence in mathematical problem solving. 
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CHAPTER 3 — RESEARCH METHODOLGY 
 
In the previous chapter, I reviewed literature from a range of studies dealing with bilingual 
students and literature related to mathematics problem solving in primary aged children. This 
literature revealed that there were some relationships between linguistic factors and 
mathematics competency for different ethnic groups of Non-English Speaking Background 
(NESB) students.  
 
The main objective of this study was to explore the role of language switching (LS) in a group 
of Iranian bilingual Years 4 and 5 students while solving mathematics problem in an ESL 
(English as the Second Language) context. The reasons for language switching also were 
considered. This chapter will discuss the methodology adopted, to address the aims of the 
study. This is presented in three main sections. In the first section (3.1), justification of the 
choice of research method will be discussed. Then in the second section (3.2), a pilot study 
will be presented. The third section (3.3), the main study, will deal with participants, 
procedures, instruments, and the different types of data analyses.  
 
3.1 DESIGN 
Qualitative approach  
In order to address the research questions, that is, incidence and reasons of language 
switching, relationship between mathematic competency and language proficiency, and the 
relationship between students’ backgrounds and language switching, a qualitative research 
approach was considered to be the most appropriate methodology. A qualitative research 
approach can explore how a specific group acts in a particular situation (Burns, 2000). An in-
depth investigation of issues is facilitated by qualitative methods. As Patton (2002) claimed, 
 
Qualitative methods typically produce a wealth of detailed information about a much smaller 
number of people and cases. This increases the depth of understanding of the cases and 
situations studied, but reduces generalizability (p. 14). 
 
To illuminate the research questions of this study, a qualitative case study methodology was 
selected as it allowed the investigator to focus on a specific group or system – “an entity in 
itself” (Burns, 2000, p.460) and refers to an investigation of a single unit or case. This case 
may be an individual, a school, an organization or a particular group (Stake, 2000). However, 
the specific case should be bounded and be clearly defined (Stake, 2000). The main focus of a 
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case study is to gain a wealth of detailed information on a small sample size that is selected 
specifically (Patton, 2002). In this instance, the case was limited to 16 students in Year 4 or 5 
who were studying in Victorian primary schools during weekdays and attending Persian 
language schools on Saturdays. In purposeful sampling, the information- rich cases are 
studied to illuminate the research question (Patton, 2002). In this study, I aimed to examine 
and establish a deeper level of understanding of the practice of language switching in Iranian 
NESB students, while they were solving different types of mathematical problems.  
 
Through this kind of research design, factors that might prompt language switching, such as 
the type of mathematical problem, and degree of item difficulty (Clarkson & Dawe, 1994, 
1996; Clarkson, 1996), could be explored. A semi-structured interview was used to explore 
the incidence of language switching during mathematical problem solving. The relationship 
between students’ level of proficiency in the Persian and English languages and their 
mathematics competency and the influence of out of school factors, such as parents’ views 
and students’ background on language switching were also investigated. To the extent that 
this study considered parents’ views and beliefs on using language(s), this case study has 
some ethnographic aspects (ethno culture, graph description) (Stake, 2000). 
 
This study largely replicated Clarkson's study (1996) with Iranian bilingual students. 
However, instead of videotaping the interviews, I provided a language checklist with an 
answer sheet so that each student could record the language(s) used while solving 
mathematical problems. This helped students to remember the events of language switching 
(if any). Before doing the main study, I conducted a pilot study to trial the chosen instruments 
and improve my skills as an interviewer. Since I am an NESB student, one of the major 
reasons for conducting the pilot study was to develop my language skills in English as an 
interviewer. Furthermore, in order to select the most appropriate instrument(s) and the 
analysis for the main study, I trialled the instruments by reviewing the results (of) the pilot 
study. The pilot study is described in the next section. 
 
3.2 PILOT STUDY 
The pilot study was conducted on four Iranian NESB students in Year 3 or 4. The following 
sections detail the methodology used in the pilot study. 
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3.2.1 Participants 
The pilot study included four students in Year 3 or 4, who were chosen through personal 
approach. They were the children of my relatives and friends. The two male students were in 
Year 4, and the two students who were females were in Year 3. All were students at 
Australian government schools. Three of these students started their schooling in Australia 
and have lived here for up to 6 years, while the remaining student started his Australian 
schooling in 2004. They spoke in Persian as their first language (L1) and their second 
language was English (L2).  
 
3.2.2 Procedure 
After gaining the parents’ consent, I interviewed the students individually at their homes on 
different days. In the first part of interview, ten mathematics questions, selected as appropriate 
from a pool of mathematics questions (see Appendix A), were administered to each student in 
English. A language-switching checklist (LS Checklist) was provided with the answer sheet 
to record the language(s) used when solving mathematical problems. I asked each student to 
record the language(s) used for each question immediately after solving that problem. In the 
second part of the interview, I questioned each student about the recorded incidence of 
language switching (if any). The Persian and English language comprehension tests were 
administered to all four students in the RMIT library, on the same day.  
 
3.2.3 Instruments 
Semi-structured interview 
A semi-structured, individual interview was conducted to explore the use of the Persian 
language in mathematical problem solving. For the purpose of this study, it was considered 
that ten mathematics items were sufficient. I needed enough questions to test across the range 
of different types of problems, but not so many that the students could not complete the 
questions in a reasonable time.  The interview incorporated ten mathematics problems 
selected from Appendix A as appropriate together with a LS Checklist, and included  a 
number of questions about the problem solving process, language switching events, and 
students’ background (see Appendix B). Each of these components is explained below. 
 
The mathematics questions were derived from the ACER (PAT Maths) test (Australian 
Council for Educational Research, 2005) and included four symbolic, five word problems, 
and one open ended question appropriate to the age and year level of the students concerned. 
Each correct item was assigned a score of one. Symbolic questions involved four basic 
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arithmetic operations. Word problems involved some aspects of number (one or more 
operations required), and a variety of problem contexts including measurement and spatial 
topics. The open-ended question was an item, which had more than one answer. An example 
of each type of mathematics questions is given below. 
 
Symbolic:           36 x 16 
 
Word problem:  Anna weighed her dog last week. He weighed 27.9 kg. This week he 
weighed 28.2 kg. How many grams had he put on? 
 
Open-ended:  Half of the people in a family are males. Could you draw a picture of 
what this family might look like? 
 
In order to record the language(s) used when solving mathematical problems, a LS Checklist, 
which included two-columns for each question was used (see Table 3.1). At the completion of 
each mathematics question, students were asked to tick the box that best represented their use 
of language(s) for each question, where the “English language” column indicates use of L2 
only, and the “Persian and English languages (L1 and L2)” column indicates the use of the 
Persian language (L1) for at least one part of a question. Ticks (√) were used to indicate 
language(s) used. 
 
Therefore, by the end of each session the student had solved the mathematics problems and 
documented the language(s) used to perform each mathematical task. In this way, when I 
investigated the reasons for the student’s choices the student would not be influenced by 
matching his/ her answer to the language choice of the interviewer. If these two were 
completed separately, as in the Clarkson study, it is possible that the L2 choice of the 
interviewer could cause language interference for the student, thereby skewing student 
choices of L2 over the L1. 
   
Table 3.1: Example of partially completed Language Switching Checklist 
 
 
 
 
 
 
  
Question English Language 
only 
Persian and English 
Languages (L1 and L2) 
1  √ 
2  √ 
.   
.   
10 √  
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At the end of the mathematics questions, I interviewed the students in English. First, I asked 
about the problem solving process, their language switching (if any), and what prompted them 
to use the Persian language. Then, a series of questions regarding students’ use of languages, 
their details and background were asked. These questions included:  
- Do you use Persian language when you do mathematics homework? 
- Do you use Persian language when do you mathematics in the classroom? 
- What are the language(s) spoken at home? 
 (These questions are included in Appendix B). 
 
Language comprehension tests 
Cummins (1979) suggested that the level of understanding of the deep structure of a language 
could be examined by a comprehension test as opposed to vocabulary tests that relate to the 
surface structure of a language. Therefore, for the purpose of this study, I used the Persian and 
English comprehension-reading tests described below. 
 
In order to investigate students’ English proficiency, I chose an English language 
comprehension test, TORCH test (Test of Reading Comprehension). This test is involved a 
narrative style reading text drawn from ACER (Mossenson et al., 2005) with 20 omitted 
words with a maximum raw score of 20. Five different TORCH tests were available for 
students in Years 3 and 4. At first, an average level test was selected (chosen) and 
administered. If a student’s response to the test was near zero or near perfect, the test was 
unable to distinguish the students’ comprehension level (Mossenson et al., 2005). In this case 
another easier or more difficult TORCH test was chosen and administered (see an example in 
Appendix C). 
 
In order to determine the level of Persian language comprehension, I chose a Cloze language 
test derived from a Persian textbook (Iran Ministry of Education and Training, 2005) to 
identify students’ language proficiency in Persian (Farsi). This test consisted of a narrative 
style reading text with ten omitted words and with a maximum raw score of 10 (A copy of 
this Persian test is included in Appendix D). 
 
3.2.4 Analysis of data 
To find any particular pattern in relation to the language switching, mathematics competency 
and language proficiency, all the data from the language comprehension tests and interviews 
were analysed. In the first instance, students’ responses to the language tests and mathematics 
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questions were scored and collated. The level of student competency in mathematics as well 
as their proficiency in languages were then categorised into two levels, high and low. All 
student interviews were transcribed and the incidence of language switching (if any) noted. 
Analysis of the data derived from each instrument is described in more detail below. 
 
Analysis of the English language test 
In accordance with the TORCH guidelines (Mossenson et al., 2005) since the results of 
students would not be comparable for raw scores by using different TORCH tests, the raw 
scores were converted into a scaled score called a “Stanine”. With these scores, results can be 
compared for students irrespective of which TORCH test was completed. The Stanine score 
consists of nine different levels (Mossenson et al., 2005), starting from 1 (the worst) to 9 (the 
best). In order to compare the level of students’ proficiency in the English language, and 
based on the students scores, proficiency in English language was categorised into two levels, 
high and low (levels). For the purposes here, a Stanine score of 6 or more was considered to 
represent a “high” level of competency, and a score of less than 6 was considered to represent 
a “low” level of proficiency in the English language.        
 
Analysis of the Persian language test  
In the absence of standard Persian language comprehension tests, the raw scores (out of a 
maximal possible 10) of selected Persian cloze test were considered. In order to compare the 
level of students’ proficiency in the Persian language, students were categorised into two 
groups based on their scores on the Persian language test. The scores, which were equal to, or 
higher than the average score (5), were considered to be a “high” level of Persian language 
proficiency. Scores less than 5 were assumed to indicate a “low” level of proficiency in the 
Persian language. 
 
Analysis of interview transcripts, students’ work, and Language Switching Checklist 
The data derived from these instruments were analysed in two parts. The first part included a 
scoring of the students' responses to the mathematics questions. Students’ responses to each 
question were scored on a 0 or 1 basis, where 1 indicated a correct answer.  In order to 
compare the level of students’ mathematics competency, the students' performances were 
simply categorised into high and low levels. A score of 5 or more out of a maximal possible 
10 was considered as a “high” level of mathematics competency, while scores of less than 5 
were considered to represent a “low” level of competency for the purpose of this exercise. In 
the second part, the incidence of language switching for each type of mathematics questions 
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was noted. Then, a search for possible patterns in relation to language switching, mathematics 
competency, and language proficiency was undertaken. 
 
3.2.5 Pilot study review 
The results from the analysis of data tabulated in terms of incidence of language switching (if 
any), students’ competency in mathematics, and their proficiency in Persian and English 
language (the results of collected data). These results for each of the four students involved in 
the pilot study are shown in Table 3.2. Students are identified by a two-letter code for 
example, SM. Their grade level is indicated by the numbers immediately followed the code 
for example, SM3.  
 
Table 3.2: Summary of pilot study results (N=4)  
Name/ 
Code 
Level of 
English 
proficiency  
Level of 
Persian 
proficiency 
Level of 
Mathematics 
competency 
Incidence of 
language 
switching 
SM3 Low Low Low 3 (2 symbolic,  
1 word problem) 
SA3 High Low High 2 (symbolic) 
SS4 Low Low Low 2 (symbolic) 
HM4 Low High High 8 (3 symbolic and 
5 word problems) 
 
It can be seen from the data in Table 3.2 that all four students switched to Persian, in at least 
two questions. One student, who had come to Australia at the end of 2004, used Persian in 
seven mathematics questions. Two students used Persian when solving symbolic and word 
questions, while two students switched to Persian only in symbolic questions. 
 
The results of the English language test showed that, three students had a low proficiency in 
the English language. Similarly, the results of the Persian language test revealed that three 
students had a low level of proficiency in the Persian language. This suggested that most of 
students had difficulty in comprehending both the English or Persian languages.  
 
The results for the students’ level in mathematics competency showed that two students [SA3, 
HM4] had a high proficiency in one language that is, English or Persian, and a high level of 
competency in mathematics. While the other students [SM3, SS4], who were considered as 
having a low proficiency in both languages, exhibited a low level of competency in 
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mathematics. While this is far too small a sample from which to generalise, the results of the 
pilot study suggest that a high proficiency in at least one language (one dominant) may be 
related to mathematics performance, which is consistent with Cummins’ “threshold” 
hypothesis (1979) and Clarkson’s findings (1996).  
 
By looking at the data derived from transcribed interviews, more information was achieved 
about the student’s ability to make a start, mathematics performance, and the extent of 
language switching (if any). Examples of summary observations are given in Table 3.3 below. 
 
Table 3.3: Descriptive information of mathematics tasks in the pilot study 
 
 
Mathematics question Student Summary observation 
(Ability to make a start, Correct/ incorrect, 
Extent of LS) 
153+278 = SA3 and  
SS4  
SA3 – Able to make a start. Correct. No LS 
SS4 - Able to make a start. Correct. LS 
56-29 = SA3,  
SS4, and  
HM4 
SA3 – Able to make a start. Correct. LS 
SS4- Able to make a start. Correct. No LS 
HM4- Able to make a start. Correct. LS 
38 x 6 = SA3 and 
SS4  
SA3- Able to make a start. Incorrect. LS.  
She said, “I can do times with 2 digit number”. 
SS4- Able to make a start. Incorrect. No LS 
428 ÷ 3 = SS4 and  
HM4 
SS4- He said, “It is a hard question”. Incorrect. LS  
HM4- He said “Can I solve it in a Persian way 
because my teacher taught me recently?” but he 
seemed stressed, so did not continue. LS 
15 people went to the dancing show last 
week. This week 18 people went to the 
dancing show. How many more people 
attended this week compared to last 
week? 
SM3 and 
SA3 
SM3- unable to make a start. Incorrect. No LS 
SA3- Able to make a start. Correct. No LS. 
Jane had 20 books. Her friend gave her 12 
books. Now how many books she has 
got? 
SM3 Able to make a start. Correct. No LS. 
It is 10:50am now. Anna’s birthday party 
will start at 12:45 pm. How many minutes 
does she have to wait? 
SM3  
SS4  
SA3 and 
HM4 
SM3- Able to make a start. Incorrect. LS. 
SS4- Able to make a start. Correct. No LS. 
SA3- Able to make a start. Incorrect. No LS. 
HM4- Able to make a start. Incorrect. LS  
Half of the people in the family are male. 
What might a drawing of that family look 
like? 
SM3 
SS4 and 
SA3 
SM3- Able to make a start. In correct. No LS. 
SS4- Able to make a start. Correct. No LS. 
SA3- Able to make a start. Correct. No LS. 
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As can be seen, students’ ability to solve mathematics questions and their performance varied. 
Some students were unable to make a start in some questions. In such cases therefore, 
language switching was not explored (see for example, SM3 in word problem involving with 
subtraction, 18 - 15). While in others, ability to make a start appeared to prompt language 
switching. This suggests a possible relationship between the incidence of language switching 
and ability to make a start. 
 
The results of the pilot study showed that language switching occurred in all four students and 
that all students provided some explanation for their language switching during the interview. 
More importantly, language switching occurred across the range of problems, supporting 
Clarkson’s (1996) findings. The data provided by the mathematics and language tests showed 
that these tests were discriminating, that is, this group of students showed different levels of 
language proficiency, as well as different levels of competency in mathematics.  
 
Since the number of students was limited in this study, the results of language switching, the 
relationship between language proficiency and mathematics competency could not be 
extrapolated beyond providing a guide for the main study. 
 
As there was no standardized Persian language comprehension test to provide a scaled score, I 
used the raw scores to categorise students’ performance. By observing students while they 
worked on the Persian comprehension test, and reviewing their answers, I noticed that this 
kind of comprehension test (Cloze format) may not be appropriate for the purpose of the main 
study. The teachers in the Persian language schools use narrative style texts followed by some 
short answer questions to determine the level of students’ Persian language comprehension. In 
discussing the results of the pilot study, they felt that the Cloze test format probably did not 
provide an accurate reflection of the students’ proficiency in Persian language.  
 
3.2.6 Implications for the main study 
Based on the results and review of the pilot study, the following decisions were made in 
relation to the conduct of the main study. 
• Since the students’ ability to make a start and their responses to each mathematics 
question varied  (Table 3.3), it was decided that a range of mathematics questions with 
different levels of difficulty (easy, average, hard) would be used in the main study. As 
a consequence, five word problems, five symbolic questions, and one that was open 
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ended were developed at each level of difficulty (refer to Appendix E). These are 
described in more detail in the next section (3.3).  
 
• Simply classifying students' mathematics performance on the basis of correct or 
incorrect (C/ IC) did not provide sufficient information about their mathematics 
performance suggesting a more sophisticated means of discriminating was necessary. 
This scoring method was too narrow to accurately determine solving mathematical 
questions. Therefore, not only C/ IC was involved but also some indication (insight) 
was needed for the extent to which students solve mathematical problems. For the 
main study, it was decided to use, in addition to C/ IC, three categories of partially 
correct (PC 1, PC 2, PC 3). These are expanded in more detail in Table 3.4.   
 
• In accordance with the Persian teachers’ comments, the Persian language 
comprehension test was replaced by a Persian text followed by a range of short answer 
comprehension questions relevant to that text. These are detailed in next section. 
 
3.3 MAIN STUDY 
Because there is no standard methodology for research studies, each study requires a unique 
approach related to its own relevant settings and objectives. Based on the results of the pilot 
study and according to the research aim, a “case study” approach also appeared most 
appropriate for the main study.  
 
3.3.1 Participants 
Sixteen Iranian NESB students who attend the Doncaster and Box Hill Persian Schools on 
Saturdays were involved in this study. These schools were chosen because they are the only 
Persian language schools in Victoria that teach the Persian (Farsi) language to Iranian NESB 
students. There was no training for other subjects including mathematics. Nine students were 
from the Doncaster school and seven students were from the Box Hill school. The students 
from the two Persian language schools comprised eleven Year 4 students (8 boys and 3 girls), 
and five Year 5 students (1 boy and 4 girls). Most of the students participating in this study 
began their schooling in Australia. As the students speak Persian at home and their parents are 
Iranian, they were regarded as bilingual for the purposes of this study, with Persian (Farsi) as 
their first language (L1) and English as their second language (L2).  
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3.3.2 Procedure 
In accordance with the need to comply with the procedures governing the conduct of research 
in Australia, I completed an Ethics Form and sent it to the Design and Social Context 
Portfolio Human Research Ethics Sub-Committee at RMIT University to obtain ethics 
approval (Appendix F). After gaining this approval from RMIT University, further ethics 
approval was sought and obtained from the Human Research Ethics Committee of the 
Victorian Department of Education and Training, Melbourne (Appendix G). 
 
After gaining both ethics approvals, I approached the Principals of both Persian schools and 
obtained their permission to conduct this study in their schools.  
 
Prior to the commencement of the study, since there were a limited number of Iranian NESB 
students who attend these schools, all of the students in Years 4 and 5 were invited to 
participate in this study by means of an invitation letter, which included the Plain Language 
Statement (Appendix H). The Plain Language Statement explaining the study was mailed to 
parents’ addresses. In accordance with the RMIT Ethics Guidelines, I assured the parents, that 
the confidentiality and anonymity of all participants’ details would be maintained. It was 
explained that participants also have the right to withdraw if they feel that the issues raised 
made them uncomfortable. 
  
Parents were also required to sign a Consent Form (Appendix I) to allow their child to 
participate in the study. Before sending the above-mentioned letter, I had an informal meeting 
with the students’ parents and explained the details of the study in the Persian language. 
During the informal meeting, parents were told that the outcomes of this study may provide 
useful insights into Persian language teaching as well as mathematical problem solving by 
NESB students. Since parents were sensitive regarding some private issues such as family 
background and their present circumstances, I reassured them that the collected data of this 
study would not be disclosed to identify them or their child in any way, as all students names 
would be coded and not identified. A stamped envelope was provided for parents/ guardians 
to return the signed Consent Form.  
 
At the first session at both schools, parent questionnaires were administered to those parents/ 
guardians who had signed the Consent Forms. The completed questionnaires were returned 
the following week through the students. I then arranged a suitable time with the Principals 
and Years 4 and 5 teachers in both schools to conduct the interview schedule and the English 
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and Persian language comprehension tests. Prior to carrying out the interview, and the English 
and Persian language tests, I explained the requirements of each procedure to the students.  
 
Since a small number of Iranian NESB students were involved, at each school, the language 
comprehension tests were completed in class groups on consecutive Saturdays. However, the 
mathematics tasks and the associated LS Checklist were completed individually in order to 
record the extent to which L1 or L2 was used in the process of solving mathematical 
problems. For the purpose of this study, ten mathematics questions were administered on 
average to each student. Each question was written in English and prepared on a card. The 
pilot study showed that some students experienced difficulty in making a start on each 
question. Therefore, in the first instance I administered a question of average difficulty level. 
If the student was not familiar with the question or unable to make a start, I swapped the card 
for an easier question. If it appeared that the question was too easy, I used a more difficult one 
(the same type) for the next question.  
 
After finishing the last (tenth) mathematics question, I engaged each student in a discussion 
about his/ her mathematical problem solving, what prompted the use of the Persian language 
(language switching, if any), and home background. All student interviews were tape-
recorded. During the interview, I noted any significant point such as the student’s reactions, 
and general approach. Ten students were interviewed at school. However, due to some 
limitations of time and available space, I interviewed six students in their homes.  
 
3.3.3 Instruments 
In order to address the research questions in this study, a parent questionnaire, two language 
tests, and an individual interview were used. These are described below.  
 
Parents’ questionnaire 
Parents’ views and home background features have been found to be important in this type of 
study (Clarkson and Dawe, 1994) and may have some impact on the mathematics 
performance of bilingual students. Clarkson and Dawe's survey (1994, 1996) explored an 
extensive range of background features. For this study, those specifically relating to the 
parental attitudes toward education and home status were selected. For instance, the parents’ 
questionnaire contained items regarding home status and background, such as parents’ 
expectation for their children's education; level of parental encouragement; duration of living 
in Australia; any history of attending childcare and/ or kindergarten by their children in 
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Australia; the language spoken most of the time at home and language(s) used if parents or a 
tutor assisted the students with school assignments (see Appendix J).  
 
 Language comprehension tests 
As a result of the pilot study, language comprehension-reading tests were used to explore the 
level of students’ proficiency in English and Persian.  
 
• English language comprehension test:  
To investigate the level of English proficiency, five TORCH tests appropriate for 
Years 4 and 5 (Mossenson et al., 2005) were chosen. The procedure for administering 
and scoring this test was described in the pilot study (see 3.2.4). No changes were 
necessary for the main study (refer to Appendices C, K).   
 
• Persian language comprehension test:  
In order to explore the level of students’ proficiency in the Persian language, a Persian 
language comprehension test was used. In the absence of a standardized Persian 
language comprehension test, the teachers in the Persian language schools in Victoria 
suggested a short answer question format. The teachers identified five tests at different 
levels of difficulty and indicated which test would be most appropriate for each child. 
At first, I administered an average level test. If the student was unable to make a start, 
I swapped it for an easier test. If it seemed too easy, I used a more difficult test (refer 
to Appendix L).  
 
 Interview  
I used a semi- structured, individual interview to explore the use of the Persian language (if 
any), and reasons why students switched languages when attempting to solve mathematics 
problems. The interview comprised two phases: the mathematics questions associated with a 
LS Checklist (to record any language switching while solving a problem) followed by a series 
of questions about the student’s problem solving strategies, their use of language switching, 
and home background. These aspects are described below.  
 
• Mathematics questions 
In order to explore the level of students’ competency in mathematics and investigate 
the incidence of language switching when NESB students are solving mathematical 
problems, ten mathematics questions were administered to each student. 
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Thirty-three mathematics questions from ACER (PAT Maths) (2005) (refer to 
Appendix E) including symbolic, word problem, and open-ended questions, were used 
for the main study. Five symbolic questions, five word problems, and one open ended 
question were provided at each level of difficulty, that is, a high, average, and low 
level (see Appendix E). These are detailed below.  
  
a) Symbolic questions: These items were either presented as (horizontal) equations or 
in vertical algorithms. Addition, subtraction, multiplication, and division questions 
were used, together with a multi-step problem that involved a combination of 
operations. For example, three multiplication items, one at each level of difficulty, are 
presented below.  
 
Easy symbolic question: 14 x 5 
Average symbolic question: 38 x 6 
Hard symbolic question: 36 x 16 
 
b) Word Problems: As explained in pilot study (3.2.3), most of the word problems 
involved measurement or spatial contexts. As an example, three subtraction problems, 
one at each level of difficulty, are presented below. 
 
Easy word problem: After 12 games of basketball Ali had scored 38 
goals. Amir had scored 56 goals. How many more 
goals did Amir score than Ali? 
 
Average word problem: Anna’s birthday party will start at12:45 pm. It is 
10:50 am now. How much longer does she have to 
wait? 
 
Hard word problem: 436 people went to the soccer match last week. This 
week 508 people went to the match. How many 7 
more people went to the soccer match this week than 
last week? 
 
c) Open-ended questions: These questions are open-ended in the sense that they may 
have more than one correct answer. In this study, one open-ended question was 
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developed for each level of difficulty (easy, average, hard). To provide an example, 
three open-ended problems, one at each level of difficulty, are presented below. 
 
Easy open –ended: Zari has 10 pens. She wants to give some pens to her 
brother. How many pens does her brother receive? 
 
Muesli bars cost 
$1.50 each. Ali had $50. He bought 4 chocolate bars 
and some muesli bars. How much money did he 
have left? 
 
Hard open-ended:  Half of the people in a family are males. Could you 
draw a picture of what this family might look like? 
 
While 33 mathematics questions were prepared on individual cards, only twenty questions 
were actually used in this study. As previously explained, ten questions were administered to 
each student. Since students’ ability to make a start varied, I began with an average level 
question. If the student was unable to make a start, I swapped the card for an easier question. 
If it appeared that the question was too easy, I used a more difficult one for the following 
question. While the students solved the mathematics problems I carefully observed their 
reactions and noted any significant points.  
  
• Language Switching Checklist 
The LS Checklist illustrated in Table 3.1 was completed by each student as he/ she 
solved each problem. Details were described in the pilot study. No changes were 
necessary for the main study.  
 
• Interview questions 
Based on the completed LS Checklist and students working, the students were 
interviewed individually. Immediately following the completion of mathematics 
questions, I engaged the student in a discussion about his or her problem solving and 
language switching. Examples of questions discussed are given below. 
  
- How did you answer the question? (What did you do first? etc) 
- What language did you use to begin to solve the problem?  
Average open-ended: Chocolate bars cost $2.50 each. 
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- Did you switch between languages? At which stage?  
- If you used the Persian language for doing the mathematics questions, why? 
- If you used the English language for doing the mathematics questions, why? 
- Is there any word/ statement that would be difficult to translate directly into 
Persian (Farsi)? 
 
Then, background details including age, gender, and birthplace, and also the use of Persian 
language (when, where), were noted (Appendix M). All students’ interviews were transcribed 
for further analyses.    
 
3.3.4 Initial Analysis 
In order to explore the role of language switching for these bilingual students when solving 
mathematical problems, as well as the responses to the other research questions, the data 
derived from the instruments were analysed. These data were concerned with; incidence of 
language switching, students’ reasons for language switching, students’ proficiency in the 
English and Persian languages, students’ competency in mathematics, students' background 
and parents’ views. This section will describe how the data derived from each instrument 
were analysed. 
 
Analysis of parents’ questionnaire 
Data regarding student details and use of L1/L2 at home, at mealtimes, during family 
discussions, and during any assistance with mathematics homework or assignments were 
collated. Parents’ attitudes toward their children education, and level of parents’ 
encouragement were also noted. 
 
Analysis of the English language test  
As previously explained in the pilot study (refer to section 3.2.4), English language 
proficiency was analysed according to the TORCH guidelines (Mossenson et al., 2005). For 
the purposes here, a 'Stanine' score of 6 or more was considered to represent a “high” level of 
competency and a score of less than 6 was considered to indicate a low level of competency in 
English. 
 
Analysis of the Persian language test 
The Persian language test results were discussed with the relevant Persian teacher in order to 
classify the students’ level of Persian language proficiency. For example, students who were 
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unable to provide a correct or reasonable response to questions and exhibited a low 
performance in class activities in the Persian school, were considered as having a “low” level 
of proficiency in Persian. But students, who were able to display correct comprehension of the 
text, as well as exhibiting a high level of performance in class activities in the Persian school, 
were considered to be at a “high” level of proficiency in the Persian language.  
   
Analysis of interview transcripts  
The data comprising the transcripts of interviews, student records, and the LS Checklist, were 
analysed in four steps which are detailed below.  
   
Step 1- This step involved scoring the students’ responses to each question and assigning an 
overall category to indicate students’ competency levels in mathematics. 
 
The students’ answers to each mathematics item were scored according to one of five scoring 
rubrics, that is, incorrect (IC); partially correct which includes PC1, PC2, PC3; and correct 
(C). These are described below and illustrated using a range of responses to the word 
problem:  
 
Eight families shared a prize of $780 . How much did each family 
receive? (Table 3.4) 
 
 
Table 3.4: Description of five different levels of scoring with an example of an answer to the above      
question 
Scoring Code Description 
Incorrect (IC) Incorrect, does not recognise operation(s) required, no response, 
working or explanation. 
                               Eg (by SZ4):         780 + 
               8 
         ___________ 
            1668 
Partially correct 
(PC1) 
Incorrect, recognises the operation(s) required, unable to apply 
appropriate procedure or strategy, little or no working. 
 
                                         Eg (by AN4):       780 : 8 
Partially correct 
(PC2) 
Incorrect, recognises the operation(s) required, makes a start, but 
generally unable to complete procedure or perform strategy, some 
working and/or explanation may be provided. 
                                                           __9___ 
                               Eg (by AS4):   8 ) 780 
           6 
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Partially correct 
        (PC3) 
Correct or close to correct, uses an appropriate procedure/strategy, but 
may not interpret result relative to context, or show or explain their 
working. 
 
                                                                097, r = 4 
                                                               _________ 
:                                 Eg (by NK5) :    8 )    780 
                        - 72 
                             ________     
                            060 
                           -  56 
                                                            ______      Answer: $ 97. 40 
                            0 4 
Correct (C) Correct, uses efficient and appropriate procedure/strategy, able to show 
or explain their thinking, and where relevant, interprets result relative to 
context. 
 
                                                        97. 5 
                                                       _________ 
                             Eg (by AZ4):  8 )   780 
                                                 4        Answer: $97. 50 
 
 
In order to determine the level of a student’s overall mathematics competency, I categorised 
student achievement into three groups, high, average, and low. These categories are described 
in Table 3.5. 
 
Table 3.5: Three different levels of students’ mathematics competency 
Mathematics 
Competency 
Description 
High Able to solve most mathematics questions correctly at 
a level of difficulty appropriate to their age/Year level 
 
Average Generally makes a start on average or hard questions 
but unable to answer correctly, able to solve easy 
questions most of the time 
 
Low Experiences difficulty making a start or solving most 
questions, even those that are relatively easy. 
  
 
 
For example, AS4 was categorised as being at an "average level" of competency in 
mathematics, as he was able to recognise the correct algorithm when solving an average word 
problem involving division. While he was unable to solve this problem completely, he was 
able to solve the easy symbolic question involving addition or subtraction algorithms 
correctly and quickly. 
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Step 2 – This step involved annotating the transcripts to identify evidence of language 
switching (LS) and the possible prompts. A “comments” column was added to the transcripts 
for this purpose. Student codes were used to indicate student responses. The interviewer is 
referred to as “Int.”.  
 
In this step, I was interested in finding any evidence of language switching, as it occurred and 
possible prompts for language switching. For this purpose, each interview transcript was 
carefully read, and re-read and annotated as appropriate. An excerpt from a transcribed 
interview of a student (AS4) shown in Table 3.6, was for solving an average word problem, 
involving division  
 
Eight families shared a prize of $780. How much did each family receive? 
 
This analysis is illustrated in the “Comments column”. 
 
Table 3.6: An example of a transcribed interview 
NAME: AS4 Date: 25.11.2005 
Environment: Doncaster Language School 
Who What was said (transcript) Comments 
Int. What about question six? You also switched. It’s very interesting that 
you know for this question, this question is about family and you know 
you have to use…division and just doing division is hard for you. Yes?  
 
AS4 Yes, I found difficulty with division.  difficulty 
Int. Division difficulties?  
AS4 I found division hard.  
Int. Ah… If I change to two digits maybe is easier then?  
AS4 Maybe  
Int. Yes, Did you switch in Persian? If it was 2 digits, instead of seven 
hundreds eighty,  if it was seventy-eight did you use Persian or no? 
 
AS4 Yes, yes.  
Int. At which stage did you use Persian?  
AS4 Well in this bit I’ve got confused. Well after eight divided by seventy 
to which there is nine remainder six and I put six into sixty and I’ve 
got confused, because I know nothing times… eight, sixty…  so I 
transferred to Persian.  
LS (when 
confused) 
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Step 3 – This step involved recording students’ language switching and level of mathematics 
performance for each problem. 
 
This step involved two parts: analysis of language switching, and analysis of mathematics 
performance. For the first part, transcript evidence of language switching and the LS 
Checklist were matched to confirm where language switching occurred.  For each 
mathematics question, all information about students’ language switching (LS) or not (NLS), 
and their reason for using the Persian language (L1) was noted for further analysis.  
 
In the second part, for each problem student’s mathematics performance on each question 
were scored in terms of IC, PC1, PC2, PC3, or C (see Table 3.4), and where possible the 
student’s strategies for solving mathematical problem were noted and examined. This analysis 
is illustrated in Table 3.7 for two students (LA5 and ML4) in relation to the following 
problem, where LS refers to evidence of language switching. 
436 people went to the soccer match last week. This week 508 people went to the match. 
How many more people went to the soccer match this week than last week? 
 
Table 3.7: A part of the third step of initial analysis for a mathematics question of two students  
LA5 ML4 
LS: “I did the first column in English but the rest I said in 
my mind in Persian but I did write it down in English”.  
When prompted (could you please give an example?) She 
said” panjah menhaye chehel-o- shesh (50 - 46 in Persian). 
Dah menhaye seh (10 – 3 in persian) chand mishe (how 
many is it? in Persian)”.  
When she was prompted (was any English word used in this 
question), She said, “Yes, here on the first column 
…because it was really simple, quick to write it down that 
number and I don’t need to think much about it”. 
Comments: It appears, she used Persian in the part which 
needed more thinking.  
 
Her answer was 72. She used subtraction (508 -436) 
vertically and got the correct answer. 
Comment: It appears she was able to do take away. 
LS: “for the last step of the answer used 
Farsi” 
Comments: It appears she used Persian 
when she had difficulty implementing 
subtraction algorithm.  
She added 508 and 436 and got 934. 
When she was asked (why didn’t you 
use another algorithm like, times or take 
away? ), she said” Because if  you use 
take away, it doesn’t help that…Because 
it says how many more came”. 
 
Comment: It appears she solved this 
question completely incorrectly, 
however she was confident in choosing 
addition to solve the problem.  
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3.3.5 Comparative Analysis 
In order to address to the second, third, and fourth research questions of this study, the 
summative data derived from the initial analysis were compared/ contrasted across different 
categories. The comparative analysis involved two steps. In the first step, data pertaining to 
each mathematics question were collated. In this case, the number of attempts, the distribution 
of scores (IC, PC1, PC2, PC3, and C), and the frequency of language switching were 
compared. In the second step, all data pertaining to each student were collated. These two 
steps are explained in more detail below. 
Step 1 – This step involved looking for patterns of language switching in relation to 
mathematics performance and type of question.  
 
Summative data of language switching and mathematics performance were tabulated by 
question in order to looking for patterns or relationships between language switching (LS, 
NLS) and mathematics performance on each question (IC, PC1, PC2, PC3, C); language 
switching and type of mathematical problem (open-ended, word problem, or symbolic 
question); and between mathematics performance and type of question. These patterns were 
identified by examining similarities and differences in the students’ responses to each type of 
question. A sample of this data is shown in Table 3.8. 
 
Table 3.8, shows an example of how the summative data was collated for one word problem 
and a symbolic question, where LS indicates language switching, C indicates a correct 
answer, PC (1,2,3) indicates a partially correct answer, and IC indicates an incorrect answer. 
  
Table 3.8: A part of the first step of the comparative analysis for two mathematics questions 
Math questions 
(answer) 
Total number 
of attempts 
Distribution   
of Scores 
Frequency of 
(LS) 
436 people went to the soccer match last 
week. This week 508 people went to the 
match. How many more people went to the 
soccer match this week than last week?  
(72) 
11 C= 9 
PC (1)= 1 
PC (2)= 0 
PC (3)= 0 
IC= 1 
4 
76 –39 
(37) 
 
 
 
6 C= 6 
PC (1)= 0 
PC (2)= 0 
PC (3)= 0 
IC=0 
3 
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This table shows that a hard word problem involving subtraction was attempted eleven times 
and solved correctly nine times, once partially correctly, and once incorrectly. Four students 
switched to the Persian language when solving this question. By comparing this type of data 
across the different types of questions, differences as well as similarities could be found.  
 
Step 2- This step involved looking for patterns of language switching in relation to the data 
derived from all the instruments. 
 
For the purpose of this study, I was looking for patterns and relationships between all 
elements of data, such as between language switching and type of question, between language 
switching and item difficulty, and between language proficiency and mathematics 
competency. These patterns were identified by examining similarities and differences in the 
data.  
 
To illustrate this step of the comparative analysis, the summative data for the two students, 
AN4 and NM4, is shown in Table 3.9. These data are the mathematic performance, the 
frequency of language switching for each type of questions, where language switching 
occurred, as well as proficiency in the both English and Persian languages. 
 
Table 3.9: An example of the second step of the comparative analysis for two students  
 AN4 LA5 
Mathematics 
performance 
1 open ended (drawing): PC (3) 
Word problems:  
Division (3 digits ÷ 1 digit): PC (2) 
Time (Anna task): PC (2) 
Multiplication (2 digits x 1 digit): PC (2) 
Addition (2 digits + 2 digits): C 
3 steps (2 Multiplication and 1 Addition): 
C 
 
Symbolic: 
Multiplication (2 digits x 1 digit): PC (3) 
Subtraction (3 digits - 2 digits): PC (3) 
Division (2 digits ÷ 1 digit): C 
2 steps (Multiplication and Addition): C 
1 open ended: C 
Word problems: 
Division (3 and 1 digit): PC(3) 
Time (Anna task): C 
Multiplication (1x2 digit): C 
Subtraction (3-3 digit): C 
Addition (2+2 digit): C 
2 steps (Addition and Division):C 
Symbolic: 
Multiplication (2x1 digit): C 
Subtraction (3digit- 2 digit): C 
2 steps (Division and Subtraction): C 
Attempted questions  10 (4 symbolic, 5 word, 1 open ended) 10  (3symbolic, 6 word, 1 open 
ended) 
 LS (type of In 3 questions (2 symbolic, 1 word In 2 questions (1symbolic, 1 word 
problem) 
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questions) problem) 
Where /when LS 
occurred  
 
 
Average word (Division). LS in number 
(780). He was unable to say 780 in Persian 
properly so came back to English  
 
Average symbolic (123-39): LS in 3 and 9 
and bebar (take) 
 
Easy symbolic (48÷ 3): LS in 3 and 48 
Hard word, Soccer task 
(Subtraction). LS in 50-46 and10-3 
and chand mishe [how many in 
Persian], (when solving). 
 
Average symbolic (123-39). LS in 
subtraction sign and123 when 
reading (also writing was in Persian).  
 
Level of English 
proficiency 
Low level of proficiency High level of proficiency 
Level of Persian 
proficiency 
Low level of proficiency Low level of proficiency 
 
 
Table 3.9 is an example of how the analysis was conducted across all sixteen students. In this 
case, the table summarizes the data related to two students, AN4 and LA5. AN4, who was 
considered to be of low proficiency in both languages and have low competency in 
mathematics, used language switching in three questions (one word problem and two 
symbolic). He switched to the Persian language to read the number 3 and 9 when solving a 
symbolic question. However, LA5 switched in 2 questions (one word problem and one 
symbolic question). She had a high competency in mathematics. She used the Persian 
language to write and read the numbers 3 and 9. This suggests, there was a similarity between 
these two students for language switching, as both student switched in a subtraction question. 
There was also a difference between their levels of competency in mathematics. The possible 
patterns were identified, by examining similarities and differences in this manner.  
 
3.4 SUMMARY 
Based on the aims of this study and in order to explore the research questions, it was decided 
to use a case study approach for the Iranian NESB students incorporating an interview 
schedule, two language comprehension tests, and a parents’ questionnaire.   
 
A semi-structured interview was conducted for each student, and tape-recorded for future 
reference. At the beginning of the interview ten mathematics questions were delivered one-
by-one on consecutive cards, and simultaneously the students recorded the language(s) used 
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on a LS Checklist. On the completion of the last question, I engaged each student in a 
discussion about the incidence of and reasons for language switching (if any) for each 
question. Interviews were then transcribed and considered with the results of the language 
tests and mathematics questions to address the research questions. 
  
Data processing involved two main forms of analyses, initial and comparative. In the initial 
analysis the data derived from all the instruments were tabulated. In the comparative analysis, 
I was looking for patterns of language switching in relation to mathematics performance as 
well as in relation to three types of mathematics questions. I was also looking (examining the 
data) for any patterns in relation to mathematics performance and the type of mathematics 
problem. In the second step I was looking for patterns or relationships between all elements of 
data, such as LS and question difficulty, languages proficiency, and demographic data.   
 
The results of these analyses on the data obtained from the sixteen Iranian NESB students are 
presented in the next chapter.  
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CHAPTER 4 — RESULTS  
 
The aim of this study was to investigate language switching (LS) in a group of Iranian non-
English speaking background (NESB), Year 4/5 students in Melbourne, Victoria, as they 
solved a range of mathematics problems 
 
As previously explained in Chapter 3, in order to address the research questions for this study, 
a semi-structured interview, language comprehension tests, and a parent questionnaire were 
used to gather and collate data. The interview questions consisted of ten mathematics 
questions from the Australian Council of Educational Research (ACER, 2005) accompanied 
by a language switching Checklist (LS Checklist) for recording the languages used when 
solving each problem. It also included questions about the student’s strategy for solving 
individual questions and the reasons for language switching where relevant. In addition, there 
were questions about the student’s background. In terms of the language tests, the Persian 
language test was selected from a Persian textbook. The TORCH Test (Mossenson et al., 
2005) was selected to explore student’s competency in the English language. The 
questionnaire to which the parents responded sought information on their views and attitudes 
towards the use of language within school mathematics, and also on their children’s 
backgrounds. 
 
The data derived from all the instruments were analysed through two consecutive analyses: 
the Initial and Comparative.  These analyses are detailed more below. 
 
 In the Initial Analysis, the students’ answers to the mathematics questions and languages 
tests were assessed and noted. On this basis, the level of students’ mathematics competency 
were determined according to a high, average, low basis. The levels of students’ proficiency 
in the Persian and English language were categorized into two levels: high and low. In the 
first step of interview analysis, language switching (if any) and possible prompt(s) of 
language switching were recorded on the transcription of the interviews. In the second step, 
data about language switching and mathematics performance were noted for each attempted 
question. These were; the language(s) used for solving, student’s mathematics performances, 
explanation (reasons) for language switching, and student’s strategies for solving that 
question (if provided). 
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The first step in the Comparative Analysis involved looking for patterns of LS in relation to 
mathematics performance (IC, PC1, PC2, PC3, C) and type of mathematics questions (easy, 
average, and hard).  The relationship between mathematics performance and the type of 
question was also examined. The second step involved looking for patterns or relationships 
between all elements of the data, such as the relationship between language switching and 
item difficulty; language switching and languages proficiency; language switching and 
students’ background; language switching and the physical environment; and mathematics 
competency and language(s) proficiency. The possible patterns were identified, by examining 
similarities and differences in the data. 
 
The focus of this chapter is on reporting data derived from the initial analysis and the patterns 
and relationships derived from the comparative analysis. The data obtained from sixteen 
students will be reported in four sections. Summative data that relates to the demographic 
information derived from the parents’ questionnaire, language proficiency, and mathematics 
competency will be presented in section 4.1. The incidence of language switching, that is, 
overall reporting of language switching that occurred across students as well as type of 
question are reported in section 4.2. In section 4.3 the reasons for language switching are 
presented, base on the analyses of students’ interview data. These reasons were difficulty with 
problem interpreting and/ or difficulty with implementing particular algorithms, familiarity 
with particular numbers used habitually (in Persian), and environmental effects. The 
relationships between mathematics competency and language proficiency, between 
mathematics competency and gender, and between students’ backgrounds and language 
switching, will be reported in section 4.4.  Finally, a summary of findings will be briefly 
presented. 
 
4.1 SUMMATIVE DATA 
Data from the parents’ questionnaire and students’ responses to the language tests and 
mathematics questions were explored through the initial analysis. This data has been 
organised into three sections, demographic information, that is, information about the relative 
use of the Persian or English language(s) in different out-of-class activities, and parents’ 
views about the educational expectations for their children and common language(s) spoken 
in the home (section 4.1.1); language proficiency in English and Persian, (high, or low level) 
(section 4.1.2), and mathematical performance/ competency, (high, average, or low level) 
(section 4.1.3). These results are described in more detail below. 
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4.1.1 Demographic information  
 
Data from the parents’ questionnaires on the use of language(s) in different activities and their 
views are summarized in Tables 4.1, and 4.2 below. 
 
Table 4.1: The frequency of languages used during daily activities or different situations (N=16) 
          Language 
Activity 
(Situation)                       
Persian English Mixed Not provided 
On arrival to 
Australia 
14 1 - 1 
At home 14 1 - 1 
At mealtime 12 - 3 1 
In family discussion 10 1 4 1 
Preference for 
speaking 
14 - 1 1 
In helping with  
Math. assignments 
1 4 8 3 
 
 
Most parents spoke Persian as their main language when they came to Australia. Except for 
the family with the Chinese mother [NM4], all parents used the Persian language when 
speaking with their children at home. However, both the English and Persian languages were 
used for discussion at home by four families [RK5, SH4, NM5, NK5]. A high proportion of 
families preferred to use and speak the Persian language as their main language when they 
came to Australia, suggesting a possible enthusiasm of this group to maintain the Persian 
language. 
  
A group of parents [RK5, AZ4, AY4, SR5, AS4, NM5, SH4, NM4] (n=8) used both Persian 
and English when helping their children in mathematics homework. Another group [PA4, 
NK5, AN4, MH4] (n=4) used only English when helping their children. Two parents [SZ4, 
BL4] reported that they rarely helped their children in this regard.   
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 Parents’ attitudes in relation to assisting their children to achieve high academic achievement, 
or to use Persian as opposed to English at home, and when their children solved mathematical 
problems, are summarized in Table 4.2. In this table, positive and negative views indicate 
parents’ agreement or disagreement with each situation.  
 
Table 4.2: Parents’ views regarding education and their encouragement 
                   View 
 
Situation 
Yes 
(positive) 
No 
(negative) 
Not 
important 
Not 
provided 
High educational 
expectation 
11 - - 5 
Using Persian language  
at home 
12 2 - 2 
Using Persian language  
for mathematics problem 
solving 
2 11 2 1 
 
 
It can be seen that most parents had a positive attitude towards education and strongly 
believed that a high level of educational performance by their children would provide the 
success needed for their future lives. They demonstrated this attitude by: explaining how 
educational progress could affect their children’s futures; providing extra sources of 
educational materials; supporting the student or sending the student to a private school or 
providing a tutor [comments from the parents’ questionnaires]. It suggests that Iranian 
families in this study were concerned about their children’s future and supported them to 
achieve a high educational level.   
 
Although four parents used L2 for helping their children when solving mathematical problems 
(see Table 4.1), eleven parents did not encourage their children to use L1 while solving 
problems. This is possibly because they believed that this might confuse their children in 
problem solving, hence affecting children’s mathematical achievement.  
 
4.1.2 Language proficiency 
According to the results of the English language test (TORCH), 7 students (44 %) were 
considered highly competent in English, and 9 students (56 %) were considered to have a low 
level of competency in English. 
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The result of the Persian language comprehension test showed that 6 students (37.5 %) scored 
at a high level of proficiency, and 10 students (62.5 %) showed a low level of proficiency. 
 
Students who had a relatively high proficiency in both their languages were identified, as 
were students who had a relatively low proficiency in both their languages. Students who had 
high proficiency in one of their languages were defined as one dominant students in 
accordance with Clarkson (1991, 1996). This information is shown in table 4.3.  
 
Table 4.3: Language proficiency in Iranian NESB students (N=16) 
 
 
 
It can be seen that eight students (50%) were considered to represent a low level of 
proficiency in both languages. Five students (31.3%) were classified as having a high level of 
proficiency in both languages.  
 
As an example of the first category (low level in both languages) ML4 obtained a score of 2 
out of 9 on the TORCH test, indicating a low level of English language proficiency. This 
student was also ranked as having low proficiency in the Persian language based on the result 
of the Persian language test.  
 
On the contrary, BL4 scored 7 out of 9 on the TORCH test, indicating a high level of 
proficiency in this language. His Persian language test was assessed and classified as being at 
a high level.  
 
Two students [LA5 and AZ4] were classified as ‘one dominant’. LA5 was considered to be at 
a high level of proficiency in English and low level of proficiency in the Persian language, 
while AZ4 was categorized as having a low level of proficiency in English and a high level in 
Persian language proficiency.   
   
       English 
Persian 
 
Low High 
Low 8 2 
High 1 5 
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4.1.3 Mathematics performance 
As explained in Chapter 3, on average ten mathematics questions were administered to each 
student during interviews. These varied according to type of questions (symbolic, word 
problem, or open-ended) and level of difficulty (easy, average, or hard). All the students’ 
responses were analysed (marked) in terms of the five scoring rubrics described in Table 3.4 
(IC, PC1, PC2, PC3, C). As the number of each type of question varied, student scores are 
reported as a percentage of the number of questions attempted of each type in Table 4.4. 
 
Table 4.4: Proportion of the scoring of responses across the three types of question attempted  
Questions Attempted IC PC1 PC2 PC3 C 
Open-ended 16 3 
(18.8%) 
1  
(6.2%) 
_ 1 
(6.2%) 
11  
(68.8%) 
Word problem  89 12  
(13.5%) 
15  
(16.9%) 
18 
(20.2%) 
5 
(5.6%) 
39  
(43.8%) 
Symbolic  58 5  
(8.6%) 
2 
(3.5%) 
3 
(5.2%) 
8 
(13.8%) 
40  
(69%) 
 
 
Most attempted questions were word problems, followed by symbolic questions, and the least 
attempted questions were open-ended. 
 
Of the attempted questions, the symbolic and open-ended questions had the highest 
proportion of correct responses (69%). Word problems had the lowest proportion of correct 
answers (44%). This finding suggests that students had more difficulty when solving word 
problems compared to symbolic and open-ended questions. 
 
As previously explained in Chapter 3, in order to compare students’ mathematics 
performances, their competency was classified into three levels: high, average, or low, based 
on the evaluation of their performance over all questions (refer to Table 3.5). The proportion 
of students in each category of mathematics competency is shown in Table 4.5.  
 
Table 4.5: Classification of students’ mathematics competency (N=16)   
Mathematics 
competency level 
High Average Low 
Number (%)  
of students 
7 (44 %) 4 (25 %) 5 (31 %) 
  
 
In terms of the criteria used for the purposes of this study, most students were considered to 
be at an average or high level of mathematics competency. Less than one-third of the students 
had a low competency in mathematics.   
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4.2 INCIDENCE OF LANGUAGE SWITCHING  
As previously stated, all mathematics questions were administered in English. In this study, 
“language switching” is defined as using the Persian language (L1) for solving at least part of 
a question. The incidence of language switching can be viewed in terms of, the proportion of 
students who used language switching for different problem types, but it can also be viewed 
in terms of the number of language switching events as a proportion of the number of 
different questions attempted. These will be considered below in section 4.2.1 and 4.2.2 
respectively.  
4.2.1 Language switching events as a proportion of students who used L1   
Overall, 14 students (87.5%) switched to Persian, while two students [BL4 and SR5] did not 
switch languages in any of the problems attempted. Based on data from the interview 
transcripts, all 14 students (87.5%) switched to the Persian language when solving word 
problems, while 10 students (62.5%) switched to L1 when solving symbolic questions, and 
four students (25%) switched to L1 to solve open-ended questions.  
 
This finding showed that the highest incidence of language switching occurred in relation to 
word problems. This suggests a possible relationship between word problems and language 
switching. The least events of language switching occurred in relation to open-ended 
questions. This could be due to the limited number of open-ended questions attempted (only 
one question) by each student.  
 
The frequency of students who switched to the Persian language across different levels of 
item difficulty (easy, average, hard) and problem type (open-ended, word problem, symbolic) 
is presented in Table 4.6. 
 
Table 4.6: Number of students who switched to L1, across three levels of difficulty and problem types 
 
 
Overall, most students switched to L1 to solve hard word problems. It can be seen that for 
word problems, with an increase in item difficulty, there is an increase in the number of 
Question type Open-ended Word problem Symbolic 
Level of item 
difficulty 
Average Hard Easy Average Hard Easy Average Hard 
Students who 
switched to L1 
3 1 2 6 10 7 7 3 
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students who switched to their L1, suggesting a possible relationship between language 
switching and item difficulty for this type of question. However, in open-ended and symbolic 
questions there is no specific trend between item difficulty and incidence of language 
switching.  
 
4.2.2 Language switching events as a proportion of attempted questions 
As indicated above, using L1 (the Persian language) for solving at least a part of each 
question was counted as one incidence of language switching. In focussing on the attempted 
questions rather than the number of students, the proportion of language switching was 
examined (investigated) across the three types of questions (symbolic, word problem, or 
open-ended). The results are presented in Tables 4.7. 
 
Table 4.7: Proportion of language switching in the three types of question attempted 
Question type Open-ended Word problem Symbolic 
Attempted 16 89 58 
Proportion of 
language switching 
4 
(25%) 
27 
(30.3%) 
16 
(27.6%) 
 
 
This table shows that most language switching occurred in word problems followed by 
symbolic questions for this particular group of Iranian bilingual students. In order to 
investigate of the relationship (if any) between language switching and the level of item 
difficulty (easy, average, and hard), the proportion of language switching across different 
levels of item difficulty irrespective of problem type are detailed in Table 4.8 below. 
 
Table 4.8: Proportion of language switching across different levels of item difficulty 
Item difficulty Easy Average Hard 
Attempted  31 60 72 
Proportion of 
language switching 
8 
(25.8%) 
19 
(31.7%) 
21 
(29.2%) 
 
As can be seen, irrespective of problem type, the proportion of language switching for 
average and hard problems is similar and these appear to be more likely to lead to language 
switching than the easy questions. In some hard problems there was no language switching. 
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This may explain why the proportion of language switching in hard problems was less than 
that for average questions. Thus, the proportion of language switching across different levels 
of item difficulty may not be affected by difficulty level alone.   
Although there are some differences in the proportion of language switching for different 
types of questions (see Table 4.7), it would appear that language switching mostly occurred in 
word problems and symbolic questions. It is not clear from these two tables (Tables 4.7 and 
4.8) that item difficulty has a direct relation to the proportion of language switching, because 
these proportions are too similar. In order to provide a clearer picture of language switching, it 
is necessary to look into patterns of language switching in relation to item difficulty and (in) 
three types of question. In Table 4.9 the proportion of language switching across item 
difficulty and problem type is presented. 
    
Table 4.9: Proportion of language switching across different levels of item difficulty and problem types  
 
 
  
As opposed to the proportion of students who switched to L1 (Table 4.6), this table shows the 
proportion of language switching in attempted questions across the three levels of difficulty 
and problem type. It can be seen that the proportion of language switching increased with 
item difficulty when solving a word problem, while the incidence of language switching did 
not increase with item difficulty in symbolic and open-ended questions. Language switching 
occurred more frequently in hard word problems (35.7%) and average symbolic questions 
(33.3%). The least language-switching incidence was in easy word problems (16.7%) and 
hard symbolic questions (16.7%).  
 
Questions Attempted Proportion of LS 
Average Open-ended 4 1 (25%) 
Hard Open-ended  12 3 (25%) 
Easy Word problem  12 2 (16.7%) 
Average Word problem 35 11 (31.4%) 
Hard Word problem  42 15 (35.7%) 
Easy Symbolic  19 6 (31.6%) 
Average Symbolic  21 7 (33.3%) 
Hard Symbolic 18 3 (16.7%) 
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The proportion of language switching for word problems may suggest that difficulty 
understanding the context of the hard word problems caused an increase in the incidence of 
language switching. This trend was not similar for symbolic and open-ended questions. 
 
4.3 REASONS FOR LANGUAGE SWITCHING 
Based on the results of Table 4.4, it seems that word problems were more difficult to solve 
than symbolic questions for these students. The results of Table 4.7 showed that the incidence 
of language switching mostly occurred in word problems. Furthermore, through an in depth 
investigation of where and why language switching occurred, I found that the difficulty of a 
question could be a main reason for students’ language switching when interpreting the text, 
reading some numbers, or implementing algorithms. The evidence in support of this reason 
will be presented in section 4.3.1. 
 
From the parents’ questionnaires and students’ responses to questions about language 
switching, I found that some students switched to L1 when reading particular numbers. 
Students used these numbers (in Persian) habitually, because they were familiar with them. 
For instance, it appeared that referring to one digit numbers in Persian was common among 
those students who used these numbers regularly at home. This issue will be discussed further 
in section 4.3.2.  
 
In some cases, students said that being interviewed in a Persian school triggered the incidence 
of language switching. Being in the Persian school also reminded them of Iranian people or 
custom that related to the context of the word problems, such as purchasing an Iranian CD or 
attending an Iranian birthday party, which in turn led to language switching. Evidence to 
support this will be presented in section 4.3.3. 
 
4.3.1 Difficulty in interpreting mathematical problem and/ or Difficulty in 
implementing particular algorithms  
Two major sources of difficulty appeared to be associated with LS, difficulty in interpreting 
mathematics problems and/or difficulty in implementing particular algorithms. Students 
switched to Persian either when they had difficulty solving questions [LA5, AZ4, SH4, AS4], 
or when they experienced difficulty with interpreting the question [AN4, AS4, NM5, SZ4, 
SH4]. The evidence which supports these two sources of difficulty are presented below. 
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Difficulty in interpreting mathematical problem 
For some students, LS occurred in comprehending the context of the mathematical question. 
As an example, one student [SH4] switched to L1 in a hard open-ended question involving 
division: 
   
Half of the people in a family are males. Could you draw a picture of what this family 
might look like? 
 
 
This is evident in the following interview excerpt, where “Int”, refers to myself as the 
interviewer. 
 
 
Int: Did you use Persian in this question? 
 
SH4: Yes, I used Persian in this question 
 
Int: Could you explain which stage? Did you use it in which step? 
 
SH4: When I had asked you for help (to interpret the question)… I said male… Instead of 
saying male, I said mard (male in Persian). 
 
Int: Umm… Why at first, you asked some questions of me? (to Ascertain her difficulty). 
It’s appears to be hard for you? 
 
SH4: I just didn’t really get the question 
 
Int: You didn’t.  
 
SH4: …get the question very well. 
 
Int: Umm 
 
SH4: Didn’t understand it. 
 
Int: The statement was not clear to you?  
 
SH4: Yes 
 
Int: Okay. Because you asked me “what does this mean”. You remember? And I explained 
it to you…and because of this issue you switched into Persian?  
 
SH4: Yes 
 
This student was unable to understand the main context of the question, so she switched to L1 
to help understand the problem 
 
Three students [AN4, NM5, AS4] had difficulty using English for interpreting certain 
numbers. For example, NM5 switched to Persian when solving an easy symbolic question 
involving 76 take away 39.  
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Int For example, if instead, … this question was multiplication… would you use Farsi in 
this question? For example 76 times 39, do you think you would use Farsi? [I was 
interested in finding that he switched to L1 when performing certain algorithms or he 
used L1 in other algorithms like multiplication]    
 
NM5 Yes, most of the time.  
 
Int: Ah, why do you do it in Persian? 
 
NM5:  Because it’s sometimes easier and when I come to…yeah it is easier. 
 
Int: And English is hard for you, when you … 
 
NM5:  Yeah, sometimes when I’ve got Persian it’s just easier because I know the numbers 
quickly but in English I need to work it out, while in Persian it’s just normal, just it’s 
really easier 
  
Int: With English is it easier, or with Farsi? 
 
NM5:  Persian 
 
Int:  With Persian is it easier? 
 
NM5:  Yes 
 
This student had difficulty only with reading some numbers in English, so she switched to L1 
to interpret some certain numbers in L1.  
 
Difficulty in implementing particular algorithms  
It seems that some students switched to Persian, when solving problems involving 
subtraction, division or multiplication [RK5, NM5, AZ4, ML4, LA5]. This suggests that the 
difficulty in mathematics procedures of certain algorithm(s) may prompt language switching. 
For example, one student switched to Persian in a hard word problem which required finding 
the difference between 436 and 508; 
  
436 people went to the soccer match last week. This week 508 people went to the match. How 
many more people went to the soccer match this week than last week? 
 
This is evident in the following interview excerpt 
 
Int: Okay. Okay, What about this question? This question is about... This one, sorry, 
soccer, a soccer match. And in this question, I see in your checklist form you used 
Persian. Could you please explain this? Why did you use Persian and when?... I mean 
at which stage? Where? 
 
LA5:  Well, I did use it and I did say that sometimes I like saying the word menha (take 
away in Persian). That one was one of the places and once I wrote it down …the 
actual… like subtraction, ... the actual problem (refer to Figure 4.1).  
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Int: Yeh 
 
LA5:  I did do the first column in English but the rest, because I am ..., I said it in my mind 
in Persian. But I did write it [numbers] down in English. 
 
Int: Could you please give an example? 
 
LA5:  Panjah (50 in Persian) menhaye Chellosheh (46 in Persian). Just kind of when with 
the Persian: dah (10 in Persian) menhaye (minus) seh (3 in Persian) chand mishe 
(How many? in Persian), ... I said, kind of  Persian and English 
 
Int: Okay, That's it. And any English word - did you use any in this question? 
 
LA5:  Yeh, here on the first column… it says it was five hundred (eight) minus four hundred 
and thirty six and…. eight minus six. I did that in English. Because it was really like, 
just really simple (first column). I quickly wrote down that number, you know, you 
just knew it on the top of your head. I knew that one, so I don't need to think much 
about it. 
 
The work sheet, which shows her solution process, is presented below in Figure 4.1. 
  
Figure 4.1: LA5’s work sample 
 
 
 
 
 
 
 
 
 
It appears that in the tens column where trading (renaming) was required, because three is 
more than zero, she experienced a difficulty that led to language switching. However, she 
used the English language in the ones and hundreds columns as she found it easy. This 
suggests that she switched to L1 when she experienced difficulty during the mathematical 
procedure. 
 
AS4 also switched to Persian, when he experienced some difficulty solving an average word 
problem involving the division of 780 by 8;  
 
Eight family shared a prize of $ 780. How much did each family receive? 
 
Int: What about this question? Also… you switched. It’s very interesting that you know 
for this question, …this question is about family and you know to use division but 
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just doing [implementing] division appropriately is hard for you? (refer to Figure 
4.2) [According to his worksheet, it appeared that he needed to use the division 
algorithm, however he could not implement and complete division appropriately in 
this question]. 
 
AS4:     Yes, I found difficulty with division. 
 
Int:       Division difficulty? 
 
AS4:     I found division hard 
 
Int:       Ah… If I change it to two digits maybe it is easier, then? 
 
AS4:      Maybe 
  
Int:      Did you switch into Persian if it was 2 digits… instead of seven hundred and eighty, 
it was seventy eight, did you use Persian or no? 
 
[While I was writing the 2 digits number, 78 on his worksheet, he nodded his head]. 
 
AS4:       Yes, yes. 
 
Int:           At which stage did you use Persian? 
 
AS4:        Well, in this bit I’ve got confused. Well, after eight divided by seventy eight to 
which there is nine, remainder six …and I put six to sixty and I’ve got confused, 
because I know nothing times [times table needed there]… eight …six, …sixty [he 
thought about working on the reminder (60) and 8], so I transferred to Persian 
 
Int:         Ah, because division in this situation is hard for you, you switched into Persian? 
 
AS4:        Yes. 
 
His problem solving on the work sheet shows that he was unable to complete division 
following the first remainder (six) (see Figure 4.2).  
 
Figure 4.2: AS4’s work sample 
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Although this student comprehended the question and was able to make a start, in the second 
step which included working on the remainder (60÷8), he experienced difficulty with the 
eight times table and was unable to find a suitable number (7), so he switched to the Persian 
language.  
Similarly, AZ4 switched to the L1 when experiencing difficulty solving an average word 
problem involving decimals and division: 
 
Eight families shared a prize of $ 780. How much did each family receive? 
 
Int: In this question, can you explain why you used Farsi?  
 
AZ4:     Because it was a bit hard. Because there…left over eight families shared it and has 
to be equal, so I have to use Farsi. Put 5… and you have to reach it hard, 
because…um…can be decimal and because point is hard…  
 
Int:       Point, [does it] hard? 
 
AZ4:      Umm, then … points, a bit hard and have to use Farsi because I did a point 
(decimal) in Farsi first with my mum …then, I did it in school 
  
Int:      Because you first… your mother helped you for…when you use a decimal.  
 
AZ4:       Yes 
 
Int:           [Decimal], Okay. Just with this number? For which number did you use Farsi?  
 
AZ4:        Five.  
 
Int:         Five?  
 
AZ4:        Yes. 
 
Int:      You said 97.5 [All in Persian] or say ninety-seven, point panj [only 5 in Persian]? 
What did you say? 
 
AZ4:       I said how many… because four was left over, I said how many eights in four, you 
can do so, I have to put it in the ‘point’ (decimal), so I said how many eights in four 
and I said panj (5 in Persian).  
 
Int:           Just for panj, because this step was difficult for you.  
 
As can be seen when this student experienced difficulty in using decimals, he switched to the 
L1. Data derived from his interview also showed that, he initially learned ‘decimals’ in 
Persian (at home) with the help of his mother. These findings suggest that when he 
experienced difficulty solving problems, which were taught in Persian initially, he may use 
L1. 
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Furthermore, there were other instances in which difficulty in reading numbers in English, 
when implementing algorithms, was reported by students. For example, two students [AN4, 
SZ4] switched to Persian for reading numbers and words such as seh instead of ‘three’, noh 
instead of ‘nine’, and bebar instead of ‘subtraction’. For both students, expression of these 
numbers in Persian was easier than in English. AN4 switched to Persian in an average 
symbolic question involving 123 take away 39. This is evident in the following interview 
excerpt.  
 
Int: I see in the question you… 
 
AN4:  Take away. This one? 
 
Int: Yes, take away. Yes, a subtraction question. Did you use Persian? Yes, I see in your 
language checklist form, you ticked the Farsi language…Yes? (to match his language 
switching check list)   
When at that time I asked you, you said that you used both of the languages, Persian 
and English, yes… Okay? 
 
AN4: Like how I did it? 
 
Int: Yes, yes. 
 
AN4: First, it’s zero take away [sic]. You take the 20 and then you take a 20, you take the 
three for now away and the nine, so that's there out, …And a hundred and twenty nine 
take away thirty [sic]. So that is equal to ninety and six…[see Figure 4.3] 
 
Int: At which stage did you use Farsi? 
 
AN4:  On the one take away nine…three 
 
Int: For example you said… did you say instead of nine, you said noh [9 in Persian]? 
 
AN4:  Noh seh ro bebar[3 take from 9, in Persian] 
 
Int:  noh seh ro bebar? 
 
AN4:  Okay 
 
Int:  Okay okay. Or sizdah [13 in Persian]. Because you can’t take away from seh… you 
know? Sizdah or seh? 
 
AN4: No, I put like the nine on top, then took away three. [refer to Figure 4.3] 
 
Int: Did you use (only) noh [9 in Persian] and three (in Persian)?  
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AN4:  What? 
 
Int: Did you just use noh [9 in Persian] and three (in Persian)? Any other word - did you 
use in Persian? 
 
AN4:  No 
 
Int: No? Just in Persian you said noh [9 in Persian] [pointed to 9 on his worksheet] Seh [3 
in Persian] yes? 
 
AN4: Yes. 
 
Int: What about do [2 in Persian]? Did you use do [2 in Persian]? [I pointed to 2 in 123] 
 
AN4:   No 
 
Int: No… okay. Why did you use Farsi? 
 
AN4: Because it’s quicker, like, say … It’s quicker because when you say in English 
“Do you want tea”? in Iranian [Persian] it’s like chaee mikhay? Two words but 
in English it is four words. And I just said that’s why, because it’s quicker. 
 
His work sheet presented below, shows his problem solving (see Figure 4.3). 
 
Figure 4.3: AN4’s work sample 
 
 
 
 
 
 
 
 
 
This student recorded the subtraction vertically and he may experience difficulty in 
implementing algorithm appropriately, as he recorded the 9 to the left of 6 and obtained 96 as 
an answer (he subtracted 3 from 9 instead of 9 from 3). Moreover, this student experienced 
difficulty with the interpreting 3 and 9 in English, so he switched to the Persian language. He 
believed that sometimes the expression of sentences is shorter in Persian than English. For 
example, chaee mikhay? is shorter than “would you like a cup of tea”, so for him it was easier 
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to use Persian. It seems that pronunciation of some one-digit numbers like 3 and 9 is shorter 
and easier in the Persian language than in English, so he preferred to use L1 for reading these 
numbers. 
 
4.3.2 Familiarity with particular numbers used habitually  
Familiarity with particular numbers due to habitual use in Persian was another reason for 
language switching. A group of students switched to Persian for certain numbers. This group 
habitually used Persian with these numbers when solving their assignments at home, or when 
were helped by a tutor or parents to solve mathematics problems in Persian. For example, one 
student [AY4] switched to Persian when solving a three-step, hard word problem, which 
involved multiplication, addition, and subtraction;  
 
CD’s cost $9.90 each. Videos cost $8.90 each. Setareh was given $50 for her birthday. She 
bought two CD’s and a tape. How much of her $50 did she have left?  
 
Int: Could you please say to me in which step [in this question] you use Persian?  
 
AY4:  I use Persian for the numbers.  
 
Int For which numbers? 
 
AY4:  noh (9 in Persian ) va (and in Persian) hasht (8 in Persian) 
 
Int: Yes okay. Why did you use Farsi in this question? Because in…another question, 
previous question, also I saw nine and eight. Why didn’t you switch into Farsi in the 
previous one and you switched in this question? 
AY4:  Because I don’t know all numbers well (in Persian), yet. 
 
Int Which numbers? 
 
AY4:  Actual whole numbers [generally more than one digit numbers] 
 
Int Ah, actual number… you don’t know them in Farsi … and do you know one digit 
numbers in Farsi…? 
 
AY4:  Just one digit 
 
Int One digit you know. Okay 
 
AY4:  And I know some 2 digits 
 
Int You know some two digits. Could you please say which two digit numbers? 
 
AY4:  bist [20 in Persian] 
 
Int bist 
                                                                                                                              77
                                                                                                               Ch.4 - Results 
 
AY4:  Dah [10 in Persian] 
 
Int dah 
 
AY4: fekr konam noozdah [I think, 19] 
 
 
It can be seen that this student was unable to use Persian for two or three digit numbers, 
however, he switched to L1 for questions involving one digit numbers. The data provided 
about AY4’s background showed he mostly used Persian at home and his parents helped him 
to do mathematics homework in both L1 and L2. This suggests that one digit numbers used 
habitually in his home context may have prompted him to switch to L1 in this instance.  
 
Similarly, one student [AS4], switched to Persian when he read even numbers in an average 
symbolic question, 38 x 6.  
 
Int: Could you explain why you used language switching (to L1)? 
 
AS4:  Because first of all it had an even number in it and I am not comfortable with even 
numbers (in English). 
 
Int: Even numbers? 
 
AS4:  (Yes), In Persian [nodded]. So I did use it just because I thought I might not…find my 
answer very well. I started… And the last bit was easy. I was writing in Persian so 
that’s why I didn’t do it in English…(so he used Persian for even numbers). 
 
Int: Okay. If instead of six there was seven, did you use Persian? Did you switch to 
Persian? Because… instead of six… there was… seven, yes.  Did you do language 
switching, or not? 
 
AS4: No. No 
 
 
His work sheet shows that he wrote down the numbers in Persian and solved the problem in 
Persian (Figure 4.4). 
 
Figure 4.4: AS4’s work sample 
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It can be seen that this student switched to L1 with even numbers. The parent’s 
questionnaire and student’s responses to questions at the end of interview showed that his 
mother helped him in L1 to do mathematics assignments and he switched to Persian with 
even numbers habitually on these occasions.  
 
As another example, RK5 switched to L1 due to familiarity with some numbers in Persian 
when solving a hard word problem involving multiplication; 
 
Amir's garden has 15 rows of corn. There are 23 plants in each row? How many 
plants does he have altogether? 
 
Int:  Okay, okay…. This question is about Amir’s garden. Okay, Amir’s garden, when 
did you did this question, did you use Farsi?  
 
RK5:  A little bit.  
 
Int: A little bit?  
 
RK5: Like by accident, I said like… 
 
Int: By accident?  
 
RK5:  Yeah, I said 3, I said seh.  
 
Int: Three, just three?. Instead of three, you said seh. 
 
RK5:  Or panzdah (15 in Persian) 
 
Int: Or?  
 
RK5:  Or panzdah (15 in Persian).  
Int: Or panzdah (15 in Persian), instead of 15. Is there any more 15s?  
 
 RK5:        That’s 15. 
 
Int: Okay, okay…is any word (in English) hard for you to understand in this question  
 
RK5:  No  
Int:  Can you translate all the words to Persian in this question? 
 
 RK5:        [Nodded]. 
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According to her response to the questions at the end of interview, this student was helped by 
her parents to learn the times tables in Persian. This evidence indicates that she could be 
familiar with certain numbers used in Persian habitually, and so she switched to L1 on this 
occasion. 
 
Familiarity with some words relevant to the context of the question was also a reason for 
language switching. For example, AY4 used the Persian language when reading words such 
as ‘pen’ and ‘pencil’ in an easy word problem involving three steps of multiplication, 
multiplication, and addition;  
 
Ali’s mother wants to purchase 20 pens and 15 pencils. Each pen is $2.00 and each pencil is 
$1.00. How much money does she need to spend?  
 
Int: This question is: “Ali’s mother wants to purchase 20 pens…”  okay… and in this 
question did you use Farsi? 
 
AY4:  I did. 
   
Int: For which steps did you use Farsi? 
 
AY4: I used Farsi for like “pens” and “pencils” 
 
Int: Ah instead of pen you said…? [to ensure that he knows the word for pen in Persian] 
 
AY4:  Instead of pen, I said khodkar (pen in Farsi) 
 
Int: Okay. Why did you use khodkar instead of “pen”? 
 
AY4:  Ah, I know the word 
 
Int: Why? 
 
AY4:  I need a word so I could say it, so 
 
Int: Because you know this word you use it? 
 
AY4:  Yeah 
 
Int: Actually you said: “ because I know [the words for] pen and pencil in Farsi and you 
know every word like ‘family’ or ‘happy birthday’ or some thing like this in Persian.” 
Why in this question, did you use pen and pencil in Farsi?  
 
AY4:  Because it was an easy question for me and I knew the word and yeah… 
 
Int: And if you use pen and pencil in Farsi, it is easier then, or when you use pen and 
pencil in English? Or to be comfortable? 
AY4:  It isn’t really much of a difference. I just like it because the question is easy, I did use 
khodkar (pen) and medad (pencil) 
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Int: Okay. Because now you are in the Persian school, this issue doesn’t affect you? … to 
use pen and pencil in Farsi? [to ensure that being in the Persian school does not 
prompt his LS] 
 
AY4:  No, it doesn’t 
 
 
As previously explained this student mainly spoke Persian at home, and also had a high 
proficiency in the Persian language. He might use some words like pen and pencil in Persian 
at home, so he was familiar with these words. 
 
Another student [NM5] switched to L1 due to familiarity with words used habitually in 
Persian, when solving a hard open-ended question, involving division: 
 
Half of the people in a family are males. Could you draw a picture of what this family 
might look like? 
 
This is evident in the following interview excerpt: 
 
Int: Okay. In this question I see you switched in Persian. Could you please explain in 
which step? 
NM5: When I was reading, I read it in English but when I was drawing it because they are 
boys or males, boys and males and one of them that I was writing girl, because it was 
half, half …and when I read girls I read it dokhtar[girl in Persian] and in that step that 
I did [language switching] 
Int: When you draw girls you said in your mind dokhtar. 
NM5: Yes 
Int: Why did you use Persian words? 
NM5: Am I used it because…sometimes some word that I know I just because I normally 
use it in every day life. When I used it normally at my home or some thing. I said like 
dokhtar because I use it normally. It’s like in my head now and whenever I see it…I 
will think of dokhtar or girl. 
 
This student was familiar with this particular word, “dokhtar” in Persian, so switched to L1 to 
express this word. In addition, data from her parents’ questionnaire and her response to the 
questions at the end of interview showed that she often used a mix of English and Persian in 
her daily activities for example, when talking on the telephone, or speaking with parents and 
her brother. These evidences suggest that she used Persian habitually when solving some 
mathematics questions.  
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4.3.3 Physical Environment  
Another reason for LS that was evident from the analysis of the interview transcriptions was 
the physical environment. This operated in two ways, being in the Persian school and 
memory, and being in an interview environment, that has been considered (viewed) as the 
Hawthorne effect (Coombs & Smith, 2003). These are illustrated in turn below. 
 
Being in the Persian school and memory 
One student [NK5] switched to Persian in four word problems. The content of these word 
problems consisted of situations related to family events such as a birthday party or the 
purchase of CDs by his mother. Since these events or situations involved the use of the L1, it 
might have prompted language switching in the interview context. This point is illustrated in 
the following excerpt from the interview in relation to a hard word problem involving time. 
 
Anna’s birthday party will start at 12:45 pm. It is now 10:50 am. How much longer does 
Anna have to wait? 
 
Int:     When you did this question, and you got this answer, did you use Farsi? 
 
NK5:      Ah, yeah. Because today is my birthday, and I am in the Persian school and I just used 
them 
 
Int: For which word? Could you please give me an example in Persian? 
 
NK5:  tavallod [birthday in Persian] 
 
Int: Did you say tavallod, when you got the answer? 
 
NK5:  Yes  
 
Furthermore, there were other instances that NK5 used the Persian language. The following 
excerpt from his interview when solving an average open-ended question involving 
multiplication, addition, and subtraction, illustrates this point.  
 
Chocolate is $2.50 and Muesli bar $1.50. Ali had $50. He bought 4 chocolates and some muesli 
bars. How much of his money was left? 
 
Int: In this question, I see in your checklist form, you used Persian. Could you explain 
how and when?  
 
NK5: Because here is the Persian school. Sometimes people come to sell some stuff like 
juice and some chocolate and then I remember them and they come into my head and 
I just remember that and just talk Persian in my head  
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Int: Okay, because somebody comes here to sell some thing 
 
NK5: Yeah, because of all of the use I‘ve done. I just remember in my head what happened 
and where was it? 
 
Int: Where was it? Okay, it’s important for you, your mind for it to come back go back to 
what you remember? 
 
NK5: Yes 
 
  
When this student was interviewed in the Persian school, he was reminded of his birthday, 
which was held according to Iranian custom. He also remembered an Iranian salesman in the 
Persian school who sold snacks and chocolates at the Persian school, so he switched into 
Persian. It appears that his memory of this event prompted his use of the Persian language. 
 
In the following excerpt of his interview, NK5 used English when solving an average word 
problem, because he was reminded of soccer playing in an English environment, so he did not 
switch to Persian.   
 
436 people went to the soccer match last week. This week 508 people went to the match. How 
many more people went to the soccer match this week than last week? 
 
Int: Yes. Okay. Also in question two, you didn’t. Question two is about soccer. In this 
question you didn’t use Persian at all? 
 
NK5 No because mostly at school I play soccer with my friends and then I think back to the 
English school and I talk in English. 
 
Int: Because this is soccer? 
 
NK5 Yes 
 
Int: Because mostly I do soccer in school (the Australian school)? 
 
NK5 Every day 
 
Int Every day you do it? 
 
NK5 In school (Australian school) 
 
Int Yeah 
 
NK5 Play soccer in recess and at lunch time. 
 
The Hawthorne effect 
Two students stated that they did not use the Persian language for mathematical problem 
solving in the classroom or at home. However, they switched to the Persian language in some 
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questions through this interview simply as a consequence of being interviewed.  For example, 
SZ4 switched to L1 during three mathematics questions. However, she stated that she did not 
use the Persian language for mathematics questions anywhere else. It seems that the attention 
being placed on the L1 provided by the interview situation was the important factor for the 
LS, that is, the Hawthorne effect. This effect has been reported in some trials or tests where 
greater attention was paid to the participants by the investigator (The Burton Report, 2006). 
An effect for an experiment has been reported for the interview environment, but not for the 
test or trial which was conducted in this study. This is an effect that has no causal basis, 
except that it is apparently due to the effect on the participants knowing they are being studied 
or interviewed. In this instance, this effect may be explained by the fact of the “social 
relationships between the researcher and their subjects” (Coombs & Smith, 2003, p. 101).  
 
PA4 also switched to L1 during the interview. His interview was done in the Persian school. 
He switched to Persian in an average symbolic question involving 123 take away 39. As this 
student was expected to use the Persian language in the Persian school, he may have been 
influenced to switch to his L1 when he was interviewed in the context of the school. An 
excerpt from his interview illustrates this point. 
 
Int: Why did you use sio noh, instead of 39? 
 
PA4:   …Because I need to practise in Persian 
 
Int::  Because you need to practise in Persian, yes? 
 
PA4:  Yes 
 
Int: Why - just in this question, did you practise? 
 
PA4:  Because for me it is much easier, in English, 
 
Int: For you, in this question, in English, is much easier (than Persian)? 
 
PA4:  In English it is easier but I need to practise more (in Persian). 
 
Int: No, I am asking why did you use it in this question? Why didn’t you use it in that 
question. Just in this question, that is for subtraction, you used Persian? 
 
PA4:  Because for me it’s easier to do it in English but this time I didn’t…. I do it in Persian, 
I just practised this time 
 
Int: For example, if in this question instead of subtraction, it was times… did you use 
Farsi? [I was interested in finding that does he switched in question involving other 
algorithm like multiplication] 
 
PA4:  No 
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Int: No? 
 
PA4:  Because I …because the multiplication is too hard to do in Farsi [he didn’t have 
knowledge in Persian to performing multiplication in L1] 
 
Int: In that question, it was hard for you to do in Farsi, yes? 
 
PA4:  Yes 
 
 
Furthermore, PA4 switched to Persian when solving a hard word problem involving time. An 
excerpt of his interview on this question is provided below to illustrate the Hawthorne effect. 
 
 
“Anna’s birthday party will start at 12:45 pm. It is now 10:50 am. How much longer does 
Anna have to wait?”  
 
 
Int: Another question that you’ve switched to Farsi… is this question, question 5, sorry 
question 6  “Anna’s happy birthday” You know… Why did you use Farsi in this 
question? 
 
PA4:  Because that one …because that one is easy also, it is easy to use Farsi for me. 
 
Int: Why is it easy? 
 
PA4: Because …for me time it is easy to read and I can do it in English or in Farsi, and I 
was practising in my Farsi. 
 
 
It seems that being in the Persian school and / or the interview situation itself triggered the act 
of practising L1. As he stated, he does not use Persian to solve his mathematics problem in 
the Australian school or at home. However, in this Iranian environment he was provided with 
an opportunity to use L1 for mathematical problem solving. As he learned the different 
Persian language skills such as writing, reading, and speaking at Persian school, he was able 
to use L1 when performing the algorithm learned in Persian by his parents earlier, such as 
subtraction. However, he was unable to use L1 for multiplication because he not yet learned 
multiplication (comments from his parents’ questionnaire).  
 
Another example of the Hawthorne effect occurred in SZ4, who switched to the L1 in an 
average word problem involving addition. 
 
Sahar had 26 books. Her brother had 37 books. How many books did they have 
altogether?  
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Int: I see you in your checklist form you used Farsi. Yes? And you switched into 
Farsi. Could you explain where  you used Farsi? Which word or which 
number did you use Farsi for or switch languages? 
 
SZ4: I used it for the whole sum. I used for 6, 7 and 23 (230)  
 
Int::  All of them?  
 
SZ4:  Yeah 
 
Int: Why?  
 
SZ4:  Um… because I thought I’m doing in Iranian for a change.  
Int: For a change?  
 
SZ4:  [Nodded].  
 
Int: Why do you mean “for a change”?  
 
SZ4:  Because I always do it in English, and then I just want to do it in Iranian (Farsi).  
 
Int: Now, for today you want to change, are making a change?  
 
SZ4:  Yeah  
 
Int: When you do homework at home, mathematics homework, sometimes do you like to 
do this changing? 
 
SZ4:  For what school? English or Iranian?  
 
Int: English?  
 
SZ4:  No.  
Int: At home, when you do at home?  
 
SZ4:  No. 
  
Int: For example, when you do mathematics homework at home, for example, you have 10 
questions or 12 questions?   
 
SZ4:  [Nodded]. 
 
Int: Mathematics question and you are starting and solving them one by one, yes. Do you 
like to do changing, to make the changing in your way, changing to use Farsi?   
 
SZ4:  No. 
 
It can be inferred from this excerpt that it was highly likely that this student switched to the 
L1 due to the interview situation. As data from her parent’s questionnaire and her response to 
the questions at the end of interview showed that she often used English for mathematical 
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problem solving in other occasions, such as with her friends and at home. Also her parents 
helped her in English for mathematics assignments. Therefore, she is not familiar with 
Persian numbers for solving mathematical questions. This may suggest that the Hawthorne 
effect was the reason for her language switching. 
 
Another student [NM4], switched to L1 in response to a hard word problem involving the 
subtraction of three digit numbers.  
 
436 people went to the soccer match last week. This week 508 people went to the match. 
How many more people went to the soccer match this week than last week? 
  
Int: Where did you use Farsi? 
 
NM4 When I wrote it down, I did like, char (4 in Persian), seh (3 in Persian), hasht (8 in 
Persian) 
 
Int: Why did you use Farsi? Why did you use char instead of ‘four’ which you know? 
 
NM4: I just wanted to do it in Farsi 
 
Int: Between English and Persian, which one is easier for you?  
 
NM4: Probably English, because I’ve got a habit of doing it, like in my homework and other 
stuff.  
 
Int: Do you have a habit… in English? Why did you use Farsi, here?  
 
NM4: I just wanted… like…to find out what is easier, or harder in Farsi in number stuff. 
And then, I did it in Farsi.  
 
 
His work sheet shows that he wrote the numbers in Persian to start his solving (Figure 4.5). 
 
Figure 4.5: NM4’s work sample 
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NM4’s mother is Chinese and the main language spoken at home is English. This 
student used English for working with mathematical questions. However in this 
instance, the interview environment appears to have triggered the use of Persian for 
problem solving, as he said he was willing to practice in Persian in order to examine 
the “number stuff” in two languages.  
 
4.4 POSSIBLE RELATIONSHIPS 
According to the data from the interview transcripts and the parents’ questionnaires, I 
investigated, the relationship between students’ mathematics competency and their level of 
language proficiency, and the relationship between students’ gender and mathematics 
performance. Then, I examined the relationship between language switching and Year level, 
as well as relationship between language switching and students’ background. 
4.4.1 Mathematics competency and language proficiency 
As explained previously (4.1.2), based on the level of students’ proficiency in English and 
Persian (high/ low), I categorised students into four groups: students who had a relatively high 
proficiency in both their languages (H/ H), students who had relatively low proficiency in 
both their languages (L/ L), and students who had high proficiency in one of their languages, 
defined as “one dominant” students (H/ L or L/ H). The level of students’ mathematics 
competency was also classified into three levels, high, average, and low. The number of 
students in each of these categories is given in Table 4.10. 
 
 
Table 4.10: The relationship between language proficiency and mathematics competency  
         Math competency 
Language  
proficiency 
High Average Low 
H/ H 3 (RK5, AY4, SH4) 2 (PA4, BL4) _ 
H/ L 1 (AZ4) _ _ 
L/ H 2 (LA5, NM4) _ _ 
L/ L 1 (NK5) 2 (AS4, AN4) 5 (NM5, ML4, 
SR5, MH4, SZ4) 
 
Results from Table 4.9 indicate that there were five students with a high proficiency in both 
languages who also had high or average competency in mathematics. However, five students 
showed low proficiency in both languages, as well as low mathematics competency. Three 
students demonstrated a high competency in mathematics, while they were in the one 
dominant group in language proficiency. Therefore, it seems that there is a relationship 
between proficiency in at least one language and mathematics competency for this group of 
                                                                                                                              88
                                                                                                               Ch.4 - Results 
Iranian NESB students. One may expect the type of distribution evident in Table 4.10 from 
Cummins’ threshold hypothesis (1997), but small numbers prevent further comment. Student 
NK5 is clearly an anomalous result. But that is not unexpected since no co-variables have 
been included in this modelling. 
 
One student however, who had a high level of mathematics competency was not proficient in 
either language. This suggests that for bilingual students, mathematics competency is not 
necessarily dependent on their language proficiency in L1 or L2 alone, but also needs 
cognitive ability (Bernardo, 1999; Bernardo & Calleja, 2005). This issue will be discussed 
further in Chapter 5. 
 
4.4.2 Students’ background and Language switching  
Language switching and Year level 
Data derived from the comparative analysis showed that there may be a relationship between 
Year level and language switching. As previously explained, there were fourteen students 
who switched to L1 when solving mathematical problems. Among these fourteen students, ten 
students were in Year 4, while only four students were in Year 5. This suggests a possible 
relationship between year level and the incidence of language switching.  This finding across 
problem type is presented in Table 4.11. 
 
Table 4.11: Proportion of students who switched to L1 by Year level and problem types 
           Math. Questions  
 
Year level 
Open 
ended 
Word 
problem 
Symbolic 
Year 4 2 (50%) 10 (71.4%) 8 (80%) 
Year 5 2 (50%) 4 (28.6%) 2 (20%) 
Total 4 (100%) 14 (100%) 10 (100%) 
 
The incidence of language switching and the percentage of students who switched to their L1 
in each type of mathematics question in Years 4 and 5 students showed that most students 
who switched to L1 were in Year 4, particularly for word problems (n=10) and symbolic 
questions (n=8). This suggests that for bilingual students, the more years of schooling in an 
ESL (English as a Second Language) educational context, the less the incidence of language 
switching. This is evidenced in the literature (Clarkson & Dawe, 1994) as, in later years the 
student’s reliance on L1 decreases, or “they come to believe that this [English] is the language 
of school work, including mathematics (p. 175) which consequently will decrease the 
proportion of language switching. This issue will be discussed further in Chapter 5. 
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 Language switching and parents’ views 
The relationship between language switching and parents’ views was examined using the 
demographic data regarding the use of either language at home (section 4.1.1, Tables 4.1, and 
4.2). 
 
Most parents (n=12) encouraged their children to use the Persian language at home. However, 
two parents asked their children to speak in English in order to improve the parents’ English. 
In spite of this, most parents (n=11) believed that using the Persian language for mathematics 
problem solving could confuse their children due to a possible interference with the teachers’ 
methods in Australian schools. As a consequence, most parents did not encourage their 
children to use the Persian language for solving mathematics problems. Furthermore, most 
parents used English or a combination of both English and Persian languages (n=12) when 
helping their children with mathematics assignments. In spite of the parents’ encouragement 
to use English for solving mathematics homework, students mostly (n=14) switched to L1 on 
at least one occasion, suggesting that there might be a relationship between students’ language 
switching in this study and their use of Persian at home.  
  
4.5 SUMMARY 
Demographic data showed that nearly all of the students have Iranian parents who encouraged 
their children to use the Persian language at home. All parents have a high expectation for the 
education of their children and believe that this will support the success of their children’s 
lives.  
 
The results of the language tests showed that half of the students were of a low proficiency in 
both L1 and L2 languages, while only five students were classified as having a high level of 
proficiency in both languages, in terms of the criteria used for this study.  
 
Three types of mathematics items (open ended, word problem, and symbolic questions) across 
three levels of difficulty (easy, average, and hard) were used to investigate mathematical 
competency as well as the incidence of language switching in this study.  
 
Results showed that most students were considered to be at a high or average level of 
mathematics competency, while five students had a low competency level in mathematics.  
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Fourteen of the sixteen Iranian NESB students exhibited language switching behaviour. 
Language switching occurred most frequently in word problems.  
 
Some students had difficulties solving problems, while others experienced difficulty in 
expressing some numbers in English. Frequent use of some words or numbers in the L1 at 
home, was considered as a prompt for language switching in these students. Some students 
switched to Persian when solving problems at the Persian school or when they were in an 
interview environment.  
 
In the next chapter, the findings of this study will be compared with Clarkson’s (1996) study, 
in particular, and with the relevant literature, in general in order to investigate the role of 
language switching in mathematics performance, and the possible relationship between 
language proficiency and mathematics competency in bilingual students. 
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CHAPTER 5 — DISCUSSION 
 
The research reported here was undertaken to explore the role of language switching in a 
group of Iranian NESB primary school students when solving mathematics problems. For the 
purpose of this study, a semi-structured interview, two language comprehension tests and a 
parents’ questionnaire were used.  
  
This chapter has two major purposes: first to address the research questions posed at the 
outset, and second, to interpret the research findings in terms of Clarkson’s (1996) study in 
particular (because it was a replication study), and the literature more generally. The 
implications and limitations of the study will be considered in Chapter 6. 
 
RESEARCH QUESTIONS 
The research questions to be addressed by this study were: 
1. To what extent do Year 4/ 5 Iranian NESB students use language switching when 
solving different types of mathematical problems? 
 
2. What factors prompt language switching (if any) in this sample of bilingual students? 
 
3. Is there any relationship between proficiency in the L1 (Persian) and L2 (English) 
languages and mathematics performance/ competency? 
 
4. What, if any, relationship exists between students’ backgrounds and language 
switching? 
 
 
In this chapter, the mathematics performance of Iranian NESB students is discussed in terms 
of the research questions. Firstly, the research questions related to language switching and 
mathematical problem solving in three types of questions, in addition to reasons for language 
switching, will be considered (section 5.1). Research questions related to relationships 
between language proficiency and mathematics competency, and between students’ 
background and language switching, will be considered in section 5.2. Then, a summary of 
findings will be discussed (section 5.3).   
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5.1  LANGUAGE SWITCHING AND MATHEMATICAL PROBLEM SOLVING 
Until relatively recently, mathematics has not been considered as being a language-dependent 
subject. However, after the publication of Cummins’ (1979) threshold hypothesis numerous 
studies conducted on bilingual students have revealed that proficiency in both (L1 and L2) 
languages (balanced bilingualism) plays a major role in academic achievement, including 
mathematics performance (see Clarkson, 1991, pp. 32-33). Language switching is important 
in bilingual education, particularly in relation to mathematics. Language switching which is 
now considered as a common practice in mathematics classrooms (Clarkson, 1991; Latu, 
2005), can for some students facilitate mathematics problem solving. To address the first 
research question, the occurrence of language switching across different types of questions 
will be discussed in section 5.1.1. This will be followed by a discussion on the reasons for 
language switching (if any) in section 5.1.2. 
 
5.1.1 To what extent do Year 4/5 Iranian NESB students use language switching when 
solving different types of mathematics problems. 
A key question related to this study was the following: Did students switch language when 
attempting mathematical questions? If this was so, the study investigated what proportion of 
language switching occurred in relation to different types of questions and what proportion 
occurred in relation to item difficulty. 
 
In this study a large proportion of the Iranian NESB students switched to L1 for at least one 
item when solving mathematics problems. This finding is consistent with the results of studies 
conducted by Clarkson (1996), and Clarkson and Dawe (1996) on several groups of bilingual 
students in Melbourne and Sydney, Australia, and by Latu (2005) who conducted a study on 
42 NESB Year 12 high school students in New Zealand. In a study on 80 Vietnamese and 32 
Italian bilingual Year 4 students in Melbourne, Clarkson (1996) reported that 53% and 28% 
of the students engaged in language switching, respectively. Also, Clarkson and Dawe (1996) 
in other studies on Vietnamese bilingual, Year 4 students in Sydney (N=57) and Melbourne 
(N=85) explored the incidence of language switching when these students were solving 
mathematical questions. They found that the proportion of language switching was 53% and 
51% in Sydney and Melbourne students, respectively. Latu (2005) also reported that events of 
language switching occurred for learning mathematics, particularly problem solving, by most 
students. 
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However, none of the students involved in this study switched to the Persian language for all 
the mathematical questions attempted. Clarkson (1996) reported that a small proportion of 
Vietnamese (2%) and Italian (3%) bilingual students in his study used their L1 for solving all 
mathematical questions. The number of students in the current research was too small to draw 
any general conclusion. However, the findings suggest that a high proportion of the Iranian 
NESB students in this study preferred to use the Persian language when solving some 
mathematics questions. 
 
Language switching and problem type 
Based on the research design, three different types of mathematics questions were used in this 
study: symbolic, word problems, and open-ended questions. The results of the interview 
analysis showed that switching between languages occurred in all three types of questions. 
Although no statistical comparison could be made (due to the limited number of NESB 
students and the case study research design), this finding is in agreement with the results of 
the studies of Clarkson (1996) and Clarkson and Dawe (1996) who also found that language 
switching occurred in all three types of mathematics questions.  
 
Results of the current study indicated that 87.5% of students switched to Persian in word 
problems. The proportion of language switching in symbolic and open-ended questions was 
63% and 25%, respectively. Clarkson (1996) reported that 53% of Vietnamese bilingual 
students who studied in Melbourne, switched languages for solving word problems. The 
proportions for symbolic and novel problems were 43% and 41%, respectively. Clarkson and 
Dawe (1996) also found that 51% of Vietnamese students in Melbourne switched languages 
when solving word problems, and the proportion for symbolic and novel problems was 38%. 
It would appear that in all these studies, most students switched to the L1 when dealing with 
word problems. This suggests a possible relationship between the type of mathematics 
question and language switching.  
 
To gain a more accurate picture of language switching in this group of bilingual students, and 
taking into account the unequal number of different types of questions attempted, the 
frequency of language switching was calculated as a proportion of the actual number of 
different types of problems attempted. Results confirmed that language switching occurred 
more often when word problems were attempted. Analyses of these data were shown in Table 
4.7. As none of the previous studies discussed here, reported the data in this way, it is difficult 
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to make comparisons. However, it has to be acknowledged that Bernardo (1999, 2002), in this   
study on Filipino bilingual students in Years 2, 3, or 4 in the Philippines, that is, an EFL 
context, reported that the influence of language on problem solving depends on the specific 
components of the mathematics context, including the type of mathematics question.  
Therefore as a consequence, the findings of the current study lend further support to the claim 
that language switching occurred more frequently when the Iranian NESB students were 
attempting to solve word problems than when they were attempting symbolic questions.  
 
Language switching and item difficulty in the three types of questions  
Findings of this study also showed that the number of students who used the Persian language 
increased when average and hard word problems were administered (see Table 4.6). This 
finding is in line with Clarkson’s (1996) findings in relation to the 80 Vietnamese bilingual 
Grade 4 students studied in Melbourne. He stated that, “for word problems, with an increase 
in item difficulty, there was an increase in the number of students who used Vietnamese” (p. 
230). However, in the current study there was no similar pattern for symbolic and open-ended 
questions. This finding is also consistent with Clarkson’s (1996) study, which did not find a 
relationship between item difficulty and the number of students who switched to L1 for 
symbolic and novel (open-ended) questions.  
 
In focussing on the number of attempted questions rather than the number of students who 
used language switching, the proportion of language switching across different levels of item 
difficulty did not show a consistent pattern for the three types of question (refer to Table 4.9). 
In word problems with increasing item difficulty, the proportion of language switching 
increased. However, this proportion did not change for open-ended questions and decreased 
for hard symbolic questions. After reviewing the literature from a range of studies conducted 
on bilingual students, it appears there was no literature with which to compare these findings. 
However, these results further support the notion that there may be a relationship between 
item difficulty in word problems and language switching.  
 
5.1.2 What factors prompted language switching (if any) in this sample of bilingual 
students? 
Apart from the discussion outlined above on problem type and item difficulty derived from 
raw scores and the LS Checklist, a number of factors were found to be responsible for the 
incidence of language switching during mathematical problem solving from the more detailed 
analyses of the interview transcripts. These included difficulty in interpreting mathematical 
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questions and difficulty in implementing an appropriate strategy/algorithm, familiarity with 
particular numbers used habitually, being in the Persian school, and being in the interview 
environment. Each reason is discussed in more detail in relation to the relevant literature. 
 
Difficulty in interpreting mathematical questions and/ or difficulty in implementing particular 
algorithms 
The findings of this study on Iranian bilingual students indicated that the difficulty of the 
mathematics question could prompt language switching. This finding is in agreement with the 
results of Clarkson and Dawe (1996), and Clarkson (1996) studies on Vietnamese bilingual 
students in Sydney and Melbourne Clarkson and Dawe (1996, p. 159) maintained that, 
“difficulty is certainly one dimensional. If the student feels the item is difficult …, then a 
switch may occur”. 
 
Results showed that some students switched to the Persian language when dealing with the 
interpretation of the context of mathematical questions, while others experienced difficulty 
with particular algorithms. 
 
In focussing on the difficulty with problem comprehension/interpretation, some students 
switched to the L1 when they could not understand the context of the question. For example, 
AS4 in the word problem involving time (Anna’s birthday party) stated that he was confused 
between a.m. (morning time) and p.m. (afternoon time), so used the Persian language to 
understand the question. Another student (SH4) switched to the L1 when they could not 
understand the meaning of a question, for example, “when I did not get it, [I] switched to 
Farsi [Persian]”. This finding is in line with the results of the Clarkson (1991) and Latu 
(2005) studies. They reported that in the first step (interpreting the text/symbol), the 
difficulties associated with comprehending the question may lead to errors in the solution 
process, which in turn could prompt language switching. For instance, Latu (2005) found that 
there were some signs, such as greater than (>), or less than (<), or take away (-) that may 
confuse bilingual (Pasifika) students, when dealing with mathematical problems. These signs 
may make a question difficult to interpret and “a main result … was that students have 
difficulty solving mathematical problems” (p. 485).   
 
Success in the first phase of doing a mathematics problem is indicated by the formation of an 
accurate mental representation of the question from the context (Laborde, et. al, 1990; 
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Bernardo, 1999). This mainly depends on an appropriate understanding of the question 
particularly in a word problem (Kintsch & Greeno, 1985; Bernardo, 1999). In this regard,  
De Corte and Verschaffel (1987) and Bernardo (1999) found that a change in the linguistic 
format of a mathematics word problem text (for example, re-wording) can make the 
relationship between the known and unknown quantities of the problem clear. This may 
facilitate the student's mathematical problem solving. 
 
In this study some students experienced difficulty in identifying and implementing an 
appropriate strategy/algorithm, particularly for problems involving division and subtraction. 
For example AZ4 switched to Persian when he carried out division involving decimals. This 
finding is in line with the results found by Clarkson (1996), who pointed out that,  
 
[bilingual] students may well choose to complete aspects of the solution process in one 
language and use their other language to deal with different processes. Hence some 
children would read or reread in one language but switch when it came to processing 
numbers. One or two did the opposite to this. (p. 231).  
 
Results of the current research indicated that irrespective of the two difficult situations 
outlined above, expression of some numbers and/or signs in Persian was easier than in 
English for these students. For instance, interpreting certain numbers in English, such as 
three, seven, and nine, or expressing some operational signs such as subtraction (-) or 
multiplication (x) was difficult. While, expression of seh instead of three, haft instead of 
seven, noh instead of nine, bere, or bebar, or menha instead of take away and zarb instead of 
times in Persian is short and easy.  This suggests that pronunciation in certain instances of 
numbers or words in the Persian language is simpler than in English, which needs further 
research. However, in the studies conducted by Clarkson (1996) and Clarkson and Dawe 
(1994, 1996) this point was not made. 
 
Familiarity with particular numbers used habitually  
Another factor which prompted language switching in Iranian NESB students in this study 
was their familiarity with some numbers (in Persian) that were used habitually at home. Most 
parents used the Persian language in their homes, at mealtime, or during their discussions with 
family members. In some cases, familiarity with some numbers could be due to the use of 
Persian in mathematics assignments undertaken at home. Some students were helped with 
mathematical homework by their parents in Persian, or a mix of L1 and L2. As a 
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consequence, these students were more likely to be familiar with the use of the L1 in a 
mathematics context, so they used their L1 quite habitually during mathematical problem 
solving. This factor in relation to language switching was also stated by Clarkson and Dawe 
(1994) in their study on different bilingual students (Italian, Arabic, Vietnamese and 
Cambodian) in Melbourne and Sydney. These authors (1994) reported that, “this [language 
switching] may occur because they habitually use their first language in most situations 
except when in the classroom, or quite specifically they may be helped with homework or 
tutored outside the classroom in their first language” (p. 175). In some instances, bilingual 
students simply preferred to switch to their L1 when they dealt with mathematics questions. 
As Clarkson and Dawe (1996) reported, “…a switch may occur … [and] students simply like 
to use this or that language” (p. 159).  
 
Physical environment 
Being in the Persian school, and the interview environment when solving mathematics 
questions, may have influenced language switching in this group of NESB students.  
 
The physical environment, in this case the Persian school, triggered student memory causing 
them to remember an event or Iranian custom (for example, NK5 for his birthday party and 
purchasing a Persian CD by his mother) that was related to the context (text) of a word 
problem. This in turn prompted language switching. This effect was reported by Clarkson and 
Dawe (1996) as “students may recognize a problem, or an aspect of a problem” (p. 159) that 
was similar to an experience in which they have remembered a certain event or having been 
helped with a previous problem. If that event or help related to their L1, this can play a role in 
language switching in some cases. This was previously explained as “memory” by some 
authors. For example, Clarkson and Dawe (1996) reported that “this may prompt a switch as 
the student enters fully into that memory situation” (p. 159). 
 
Another consequence of the physical environment that may encourage a few students to 
switch from L2 to L1 is the fact of being involved in the study. For example, SZ4 stated that 
she always solved mathematical questions in English, however in this instance she switched 
to L1 “because I just want to do it in Persian … for a change”.  Another student (NM4) 
switched to L1 as he explained, “I want to find if solving [a mathematical problem] in Persian 
[language] is easy or in English [language]” during the interview time. This finding suggests 
that being in the interview environment prompted language switching when students were 
involved in solving mathematical problems. The conclusion was that the Hawthorne effect 
 98 
Ch.5- Discussion 
(Coombs and Smith, 2003; Merrett, 2006) was evidenced in this event. It appears there is no 
literature exploring the Hawthorne effect on bilingual students solving mathematical 
problems. Clarkson (1996) also interviewed selected NESB students after solving only three 
or four mathematical problems, but did not report any results for this factor. Therefore, 
comparison between the findings of the current study and previous studies is not possible. 
However, the Hawthorne effect has been more generally reported in situations where greater 
attention was paid to the participants by the investigator in a test, trial or study (The Burton 
Report, 2006). The experimental effect is due to the interview environment, but did not occur 
for the test or trial, which was conducted in this study. In this instance, this effect may be 
explained by the fact of the “social relationships between the researcher and his/ her subjects” 
(Coombs & Smith, 2003, p. 101). This factor had to be considered in this type of research, 
and therefore it is suggested that this may be an effect worth exploring further.  
 
5.2 RELATIONSHIPS 
Results of the current study revealed a possible relationship between language proficiency and 
mathematics competency. In addition the results also suggest a relationship between students’ 
background and language switching. In order to address the third and fourth research 
questions, the relationship between proficiency in both L1 and L2 and mathematics 
performance will be discussed in section 5.2.1, followed by a discussion of the relationship 
between students’ background and language switching in section 5.2.2. 
 
5.2.1 Is there any relationship between proficiency in L1 (Persian) and L2 (English) 
languages and mathematics performance/ competency? 
It was suggested that an important factor related to mathematics problem comprehension and 
solution is proficiency in the language in which the mathematics question is presented 
(Clarkson, 1992, 1996). Similarly, Clarkson (1991) stated that during word problem solving 
by bilingual students “between one-third or more of their errors could be classified as reading 
or comprehension errors, and therefore language-related (p. 32)”.    
 
Following the occurrence of language switching and factors involved in prompting language 
switching, it was important to consider any relationship between L1and L2 proficiency and 
mathematical competency, for this group of bilingual students. The results of the current 
study (refer to Table 4.5), suggested that Iranian NESB students with a high level of 
proficiency in both L1 and L2 showed an average or high level of mathematical performance, 
while those with a low proficiency in both languages generally exhibited a low level of 
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mathematics competency. Also students with high proficiency in one language in this study 
had a high level of competency in mathematics. These results are in line with Cummins’ 
threshold hypothesis (Cummins & Swain, 1986) and are similar to the findings of Clarkson 
and Dawe (1994), Clarkson (1996), and Clarkson and Dawe (1996), who reported that 
proficiency in both languages (balanced bilinguals) or at least in one language (one dominant 
bilinguals) could be associated with mathematics performance (competency) in bilingual 
students. Erktin and Akyel (2005) found a similar finding in an EFL context in Turkey. 
Although this was the case, it is possible that other factors, such as general intellectual ability 
or opportunity to learn, may also explain this difference. 
 
It has to be acknowledged that in this study there was a student who performed well on the 
mathematics test while he showed a low proficiency in both languages (NK5). This was 
interpreted as an exceptional case. Although language plays an important role in mathematics 
achievement in bilingual students, it is not the only factor. This was also stated by Clarkson 
(1991) and Bernardo (1999) who noted that a student’s level of cognitive development, the 
ability to differentiate ideas and work with numbers, and a positive attitude toward 
mathematics are also considered as important factors for a high level of mathematics 
performance.  
 
Students who were classified as having a low competency in mathematics often did not 
understand a word problem because they were unable to interpret the text of that problem. 
This often led the students to choose an incorrect operation or strategy that resulted in a low 
mathematics performance. That is, low mathematics competency in this group may not 
necessarily indicate a lack of mathematics skill, but may represent difficulty in 
comprehending the text (Bernardo, 1999).  
  
 
5.2.2 What, if any, relationship exists between students’ background and language 
switching?  
The results of this study showed that more than 85% of parents used the Persian language at 
home and preferred to speak Persian. Also 75% of parents encouraged their children to use 
Persian at home. Results showed that 88% of this group of Iranian NESB students switched to 
L1 when solving mathematical questions. This switching included both mathematical terms 
(e.g., numbers or signs) and non-mathematical terms (e.g., for “girl” or “birthday”). This 
result could be due to parents’ encouragement to use Persian in the home environment. This is 
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consistent with the literature, for example, as Saravanan (2004) has stated, out-of-school 
activities, particularly the interaction between family members at home, can provide enriching 
experiences for their children. Therefore, both the father’s and mother’s choice of language 
has a major impact on their child(ren)’s proficiency of language, in particular the first 
language (L1). 
 
In this study, there was no student who switched to L1 for solving all mathematical items. 
This indicated that Iranian NESB students are more likely to use the L2 for solving 
mathematical questions. This finding may be due to two reasons; firstly these students are 
engaged in student-student and student-teacher interactions in learning mathematics in 
English (Roblyer & Edwards, 2000). This encouraged them to mostly use English for 
mathematical problem solving. Secondly, Iranian parents mostly believed that using the 
Persian language to help their children for mathematics assignment (homework) may interfere 
with the teachers’ methods or strategies. Therefore, they acknowledged the importance of the 
English language as the language of mathematics education. As previously mentioned 
(section 5.1.1) Clarkson (1996) noted that 2% of Vietnamese students and 3% of Italian 
students used their L1 for all mathematics questions. Although these numbers are very small, 
the fact that no Iranian NESB students in this sample used the Persian language for all 
questions may suggest that Iranian parents are more supportive of the use of English 
specifically in mathematics than other ethnic groups such as Vietnamese or Italian bilingual 
students (Clarkson, 1996). This may relate to the Iranian culture. As Clarkson and Dawe 
(1994) have suggested, there may be some distinctions between different groups of NESB 
students on the basis of language when solving mathematical questions and there is a need “to 
gain any other insights that may be pertinent to each culture” (p. 174). A further appreciation 
of the cultural heritage of mathematics, which owes a lot to Iranian customs and culture, has 
made Iranian parents respect mathematical achievement in their children. Therefore, they 
prefer to encourage the use of L2 by their bilingual children for mathematical contexts.   
 
Iranian parents encourage their children to use the Persian language for 
family interactions and discussions, and the English language for 
academic text and discourse. Parents recognise the importance of “early 
mastery in the English language as a pre-requisite for educational 
achievement in later years (Saravanan, 2004, p.23)”. 
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Meanwhile, they insist on maintaining their native language to express their cultural values 
including practices. This was also reported by Sakamoto (2001) who states that family ties 
could be, “the most crucial factor for L1 maintenance for all parents” (p. 49).  
 
Most of the parents who participated in this study had a positive attitude toward higher 
education for their children, as well as using and speaking the Persian language with their 
children. This suggests that there may be an attitude of Iranian parents of raising a child as 
bilingual. This finding is in line with the result of Sakamoto’s (2001) study. Sakamoto 
conducted research on six Japanese bilingual families in Canada and reported that important 
social factors are responsible for L1 maintenance. These factors included speaking Japanese at 
home, attending Japanese schools on weekends, parents’ limited L2 proficiency, regular visits 
to Japan, correspondence with friends in Japan, and Japanese stories (books and videos) 
shared among Japanese immigrant families. The decision of whether or not to raise a child as 
bilingual should be made by parents, however, this decision mostly depends on the socio-
cultural aspects of immigrant people in an ESL community (Sakamoto, 2001; Saravanan, 
2004).    
 
Year level  
Results of this study showed that among those students who switched to Persian (n=14), Year 
4 students had a higher proportion of language switching than Year 5 students in word 
problems (71% and 29%, respectively) and for symbolic questions (80% and 20%, 
respectively). The findings of the current study also showed that the proportion of students 
having high mathematics competency in Year 4 was less than in Year 5. It is possible that this 
precipitated more language switching among Year 4 students than among Year 5 students, 
possibly as a result of the Year 4 students having had less experience in problem solving, 
particularly with word problems, than the Year 5 students. Findings similar to those in the 
current study were also reported by Clarkson and Dawe (1994), who conjectured that as 
students get older the frequency of language switching lessens as the students learn to respond 
to mathematical problems in English because English “is the language of school work, 
including mathematics” (p. 175). In a similar vein, Bernardo (1999), who conducted a study 
involving Year 2 bilingual Filipino students, reported that students made fewer 
comprehension errors in the upper years than in lower years. This suggests that the Year 5 
students in the current study exhibited less frequent language switching when solving 
mathematical questions possibly because they experienced less difficulty in understanding the 
questions (Bernardo, 1999).   
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5.3 SUMMARY 
 The overall findings of this study points towards the existence of a relationship between the 
proficiency in both languages by Iranian NESB students and their level of competence in 
mathematics performance. Certain factors may prompt language switching to various extents 
across different types of questions. Factors associated with language switching in this group 
of bilingual students were difficulty of mathematics question (in particular word problems), 
familiarity with the content of the mathematics question, and the effect of the physical 
environment on memory in triggering the prompting of language switching, all of which 
provide further support for the Clarkson (1996) findings. Another factor which prompted 
language switching in this group of bilingual students was simply being in the interview 
environment – a kind of Hawthorne effect, which is not mentioned in the literature on 
bilingual students.  
 
It has been reported that in a bilingual context, the language format of the mathematics 
problem (L1 or L2) might lead to language switching in order to comprehend the information 
which is needed for interpreting the question and/or implementing appropriate strategy(ies). 
Moreover, Bernardo (1999) also suggested that because many students, including bilingual 
students, experience considerable difficulty solving mathematics word problems, it might be 
advisable to re-word problems so that they are relatively easy to comprehend. However, it has 
to be acknowledged that in real life, problems are presented in a variety of forms, some of 
which may not be very clearly worded. Often they are problems simply because their 
presentation is messy. In mathematics classrooms, it is the teacher’s job to help students 
comprehend the various language structures in word problems – one should not try to solve 
the dilemma by simply avoiding it, for that just puts off the problem of comprehension. 
Hence, one needs to take care of advising that word problems should be always worded in 
simple ways. 
 
In the present study, the findings showed that in this sample of Iranian NESB students, there 
may be a possible relationship between the level of language proficiency and mathematics 
competency. Parents’ attitudes and speaking Persian at home may contribute to the event of 
language switching in Iranian NESB students when solving mathematical problems.  
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The next chapter will present an overview of the major findings and final conclusions as well 
as limitations of this research, followed by implications of the study in terms of teaching and 
further research. 
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CHAPTER 6 – CONCLUSION 
 
This study was conducted with sixteen Iranian NESB students in Grades 4 and 5 during Term 
4 of the 2005 school year in Victoria. The students were interviewed and tested to investigate 
the incidence of language switching during mathematics problem solving and to discover the 
factors, which influenced this process. 
 
Results of previous studies on bilingual ethnic groups showed that they have different patterns 
of language switching and different mathematics performances. Clarkson and Dawe (1994) 
therefore suggested to “treat such groups separately” (p. 174). No previous studies involving 
Iranian NESB children engaged mathematics problem solving were found in the Australian 
context. These two concerns prompted me to replicate Clarkson’s (1996) study with Iranian 
students as the sample,  to address a question: that had occurred to me within my own family 
situation: specially,  “why do my children who  spend their daytime in an English- language 
environment, switch languages at home?”  This study then was designed to address four main 
research questions: to what extent do Year 4/5 Iranian NESB students use language switching 
while solving different types of mathematical problems? What factors prompt language 
switching (if any) in this sample of bilingual students? Is there any relationship between 
proficiency in the L1 (Persian) and L2 (English) languages and mathematics 
performance/competency? What, if any, relationship exists between parents’ views and 
students’ backgrounds and language switching?  
 
To obtain an in-depth understanding of the reasons for language switching, a qualitative 
approach and, in particular, a case study design was chosen. The major source of data was the 
transcripts of the semi-structured student interviews. These data and the results derived from 
the other research instruments, comprising the language proficiency tests and parents’ 
questionnaire, were analysed to address the research questions. In this chapter the major 
findings, limitations, and implications of the study will be considered.  
 
6.1 MAJOR FINDINGS AND CONCLUSION 
The results of this study confirmed Clarkson’s (1996) findings about the occurrence of 
language switching by bilingual students when they are involved in mathematical problem 
solving. Most of the Iranian bilingual children in this study used the Persian language (for at 
least part of a question) to facilitate their thinking when solving three types of problems. In 
focussing on students and /or questions, there were two important findings. Firstly, language 
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switching occurred more in word problems, compared to symbolic and open-ended questions. 
Secondly, in word problems the proportion of language switching increased as item difficulty 
increased. A main reason, which prompted students to switch languages was the difficulty of 
a problem. Detailed analysis of the case study data, revealed that when students experienced 
difficulty in comprehending a problem or implementing an appropriate algorithm, language 
switching occurred. Clarkson (1996) did not report qualitatively similar findings. Familiarity 
with particular numbers used habitually, and being in the Persian school or interview 
environment, were also found to prompt language switching.  
 
The findings reported here also provided evidence to support Cummins’ (1979, 1991) theory 
in terms of the relationship between proficiency in L1 and L2 and mathematical competency. 
Although the sample size is too small to draw any conclusion, the results of this study showed 
that high proficiency in both languages may be associated with a high level of performance in 
mathematical problem solving. Data from the parents’ questionnaire suggested a possible 
influence of the use of Persian at home on the incidence of language switching in these 
bilingual students. 
 
6.2       LIMITATIONS OF THE STUDY 
The sample for this study, 16 Iranian bilingual students, was far too small to permit 
generalizations to other groups of bilingual students or to other educational systems.  
 
In the absence of a standard comprehension test in the Persian language, two sources were 
used for determining the level of Persian language proficiency in this sample of Iranian NESB 
students. These sources were: firstly, the results of the comprehension tests drawn from 
relevant Persian textbooks, and secondly, a checking of these results with each student’s 
teacher to gain a clear picture about Persian language proficiency in each case. Given that the 
Persian language tests were not drawn from normative data and the teachers’ opinions were 
subjective in determining the level of language proficiency, the results of the Persian language 
tests should be interpreted cautiously.  
 
Based on previous studies (Clarkson and Dawe, 1994, 1996), it has been suggested that to 
conduct such studies on bilingual students, a cohort study is a better approach. For example, a 
longitudinal study could be used to follow up bilingual students from Year 4 to Year 9. It may 
be surmised that frequency of language switching will decrease as the bilingual students 
continue working on mathematical problems in their L2 (English) by year 9. However, due to 
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limited resources and the time allotted, the investigator could not follow up the students in 
later years.  
 
6.3 IMPLICATIONS  
6.3.1  Implications for teaching 
Based on the findings of this study, as well as previous literature on the mathematics 
performance of bilingual students, language proficiency in both the L1 and L2 may be 
associated with the mathematical competency in this group of Iranian NESB students. 
However, there is no guarantee. As Clarkson (1991, p.37) has stated, “it should be remembered 
that although language has a dominant role to play for these [bilingual] children’s success in 
mathematics, it is not the only important factor”. 
 
As a considerable number of these Iranian NESB students presented low proficiency in L1, an 
implication for policy makers in the educational field is to improve L1 proficiency, which 
may be associated with mathematics performance. For this purpose, principals of Iranian 
schools may need to review the Persian language curriculum in order to achieve a reasonable 
level of proficiency in the L1 in their students. 
  
According to findings of the current research, teachers in a multicultural classroom need to 
recognise that bilingual students use language switching when they experience difficulty in 
solving the mathematics problems. An implication could be that in classrooms that contain 
NESB Iranian students, more competent students could be used as a resource for teachers to 
help their Iranian peers experiencing difficulties in mathematical problem solving. As 
language switching may facilitate students’ thinking in accessing knowledge in their 
classroom, language switching in bilingual students should be counted as being important by 
teachers. In this regard, Clarkson and Dawe (1996) stated that,  
 
in working with teachers in Australian schools there was not always a recognition of 
this cognitive feature of bilingualism. Often a naïve position was taken that the first 
language (L1) was somewhat irrelevant, although competence in the language of 
learning, in this context English (L2), may be important. Many non-bilingual teachers, 
the majority in our systems, were not really aware that their bilingual students would 
indeed swap languages while thinking about their class work (p. 154).  
 
In ESL contexts, where the language of community and instruction is the L2, bilingual 
children face many linguistic challenges both in the school, in particular those children, who 
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are first generation immigrants. They experience difficulties in school achievement and 
communication, as they may be isolated from other students. This suggests that NESB 
students in an ESL context should be provided with a socio-culturally supportive (school) 
environment. For example, in an area where there are Iranian families living, teachers could 
spend more time working with these bilingual students when dealing with mathematical 
problems. They also could provide opportunities for Iranian parents/friends, to be helpers in 
the mathematics classroom, to support students’ in relation to their socio cultural needs 
(Molyneux, 2004).    
 
Another possible implication for the teaching of mathematics relates to the context of the 
mathematics problem. That is, the text of a mathematics question could be the subject of 
explicit classroom negotiation and discussion. This would result in “fewer misinterpretation 
errors due to ambiguities in the text” (Bernardo, 1999, p. 159) and may help NESB students 
to comprehend and solve the question correctly.  
 
Findings of this study indicated that most Iranian parents had a positive attitude towards 
education and wanted their children to achieve well at school in order that their chances of 
obtaining worthwhile future careers would be maximised. It could be explained through the 
history of mathematics and its connection with the Iranian culture. Historically huge 
developments in mathematics came from Iranian mathematicians who have contributed to 
what we know about modern mathematics (Behzad, 2005). As an example, Omar Khayyam 
(1044 – 1123 CE) was an outstanding mathematician and astronomer, who advanced the 
science of mathematics (Iran Cultural Centre, 2002) 
 
Khayyam made major contributions in mathematics, particularly in Algebra. He 
classified many algebraic equations,… developed a geometrical approach to solving 
equations, … solved cubic equations by intersecting a parabola with a circle. Omar 
Khayyam was the first to develop the binominal theorem and determine binominal 
coefficients. … He extended Euclid’s work giving a new definition of ratios and 
included the multiplication of ratios. He contributed to the theory of parallel lines 
(Iran Chamber, 2005, p. 1). 
 
Given this excellence of the history of mathematics in Iran, schools that contain Iranian NESB 
students (particularly in the Doncaster and Box Hill suburbs) could acknowledge and 
celebrate this background. As a result, these students may feel proud of their background, and 
could be motivated to improve in their mathematics learning. 
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Although this study involved only a small number of Iranian NESB students, the implications 
outlined above suggest possible developments for other ethnic groups of NESB students in 
educational systems in other ESL contexts, as NESB student numbers are increasing. For 
instance,  
 
Even countries that were previously dominantly monolingual, like the United States, are now 
confronting the language of instruction issue as a result of growing ethnic diversity in the 
communities and schools” (Bernardo, 1999, p. 161).  
 
6.3.2 Implications for further research 
As there were few eligible students available for this study, care must be taken in interpreting 
the results as well as generalising the findings. Thus, replicating this study on a large number 
of participants (if available and applicable) would be recommended. 
 
However, extrapolating the findings regarding the event and reasons for language switching in 
mathematical problem solving are strengthened by the fact that the results of this replication 
study are consistent with the previous studies. Clarkson and Dawe (1996) reported that studies 
on bilingual students such as their own “may help teachers to focus on the fact that bilingual 
children may well switch languages for all areas of their class work, as well as for talking to 
their friends outside of the school” (p. 232). This suggests that one area of further research 
could be investigating the Iranian NESB students’ educational performance across other areas 
of the school curriculum, such as science.  
 
Another possible extension of this research is the administration of an equal number of 
mathematics questions across the different types (symbolic, word problem, and open-ended) 
and item difficulty (easy, average, and hard), to provide a more complete understanding of the 
effect of question type and item difficulty on the proportion of language switching. However, 
the time, cost, and sample availability needed for this kind of research should be considered. 
 
The results of this study did not show a clear picture of the relationship between gender and 
mathematics performance. This suggests that a large scale quantitative methodology might be 
needed to investigate the differential in results for male and females students in a bilingual 
context. 
 
 108 
Ch.6-Conclusion     
The number of migrant families entering Australia is increasing, and therefore one can expect 
the number of classrooms containing students who speak more than one language to increase 
correspondingly.  This may necessitate an appropriate review of the school curricula. As a 
consequence, the educational performance of different bilingual students in Australia, and in 
particular their mathematics competency will need to be further investigated.  
 
The question of the role of language switching in bilingual students’ school performance will 
continue to be an important topic in education, particularly in primary schools. As long as 
immigration exists and multicultural classrooms continue with immigrant children engaging 
in mathematics learning, the mathematics curriculum will continue to develop and the 
mathematics achievement of bilingual students will continue to be explored.  
 
 
 
 
 
 109 
References 
 
REFERENCES 
 
Adendorff, R. (1993). Code-switching amongst Zulu-speaking teachers and their pupils. 
Language and Education, 7(3), 143-161. 
Adler, J. (2001). Teaching mathematics in multilingual classrooms. Dordrecht, The 
Netherlands: Kluwer Academic Publishers. 
Ainley, J., Goldman, J., & Reed, R. (1990). Primary schooling in Victoria. Hawthorn, 
Victoria: Australian Council for Educational Research (ACER) Press. 
Arefi, M. (1997). The relationship between first and second language writing skills for 
Iranian students in Sydney: An application of the interdependence hypothesis. 
Unpublished Ph D, University of Western Sydney, Nepean, Kingswood, NSW. 
Australian Council for Educational Research (ACER). (2005). Progressive achievement tests 
in mathematics (PAT Maths) (3rd ed.). Hawthorne, Victoria: ACER Press. 
Baker, C. (2001). Foundations of bilingual education and bilingualism (3rd ed.). Clevedon, 
UK: Multilingual Matters. 
Barwell, R. (2005). Language in the mathematics classroom. Language and Education, 19(2), 
97-102. 
Behzad, E. (2005). A brief report on mathematics in Iran: Past, present & future outlook. 
Retrieved July, 27, 2005 from http://www.ims.ir/en/about/history.htm 
Bernardo, A. B. I. (1999). Overcoming obstacles to understanding and solving word problems 
in mathematics. Educational Psychology, 19(2), 149-163. 
Bernardo, A. B. I. (2002). Language and mathematical problem solving among bilinguals. 
Journal of Psychology, 136(3), 283-297. 
Bernardo, A. B. I., & Calleja, M. O. (2005). The effects of stating problems in bilingual 
students' first and second languages on solving mathematical word problems. Journal 
of Genetic Psychology, 166(1), 117-128. 
 110 
References 
Boaler, J. (2001). Modelling and new theories of learning. Teaching Mathematics and its 
Application, 20(3), 121-128. 
Bullivant, B. M. (1986). Multicultural education in Australia: An unresolved debate. In J. A. 
Banks & J. Lynch (Eds.), Multicultural education in western societies (pp. 98-124). 
London: Holt, Reinhart and Wilson. 
Burns, R. B. (2000). Introduction to research methods (4th ed.). French's Forest, NSW: 
Pearson Education Australia. 
Camilleri, A. (1995). Bilingualism in education: The Maltese experience. Heidelberg: Julius 
Gross Verlag. 
Clarkson, P. C. (1991). Bilingualism and mathematics learning. Geelong, Victoria: Deakin 
University Press. 
Clarkson, P. C. (1992). Language and mathematics: A comparison of bilingual and 
monolingual students of mathematics. Educational Studies in Mathematics, 23, 417-
429. 
Clarkson, P. C. (1996, July). NESB migrant students studying mathematics: Vietnamese and 
Italian students in Melbourne and Sydney. Paper presented at the annual conference of 
The International Group for the Psychology of Mathematics Education, Valencia, 
Spain: The International Group for the Psychology of Mathematics Education. 
Clarkson, P. C., & Dawe, L. (1994). Problem solving in two languages: A longitudinal study 
of bilingual students in Melbourne and Sydney. Paper presented at the Challenges in 
mathematics education: Constraints on construction, Lismore, NSW, MERGA 
(Mathematics Education Research Group of Australasia). 
Clarkson, P. C., & Dawe, L. (1996). NESB migrant students studying mathematics. Paper 
presented at the joint conference of The Australian Association for Research in 
Education (AARE) and Educational Research Association (ERA), Singapore: 
Polytechnic University. 
 111 
References 
Clarkson, P. C., & Galbraith, P. (1992). Bilingualism and mathematics learning: Another 
perspective. Journal for Research in Mathematics Education, 23, 34-44. 
Collison, O. G. (1974). Concept formation in a second language: A study of Ghanaian school 
children. Harvard Educational Review, 44(3), 441-457. 
Coombs, S., & Smith, I. (2003). The Hawthorne effect: Is it a help or a hindrance in social 
science research? Change: Transformation in Education, 6(1), 97 - 111. 
Cummins, J. (1979). Linguistic interdependence and the educational development of bilingual 
children. Review of Educational Research, 49, 222-251. 
Cummins, J. (1991). Interdependence of first and second language proficiency in bilingual 
children. In E. Bialystok (Ed.), Language processing in bilingual children (pp. 70-89). 
Cambridge: Cambridge University Press. 
Cummins, J. (2000). Language, power and pedagogy: Bilingual children in the crossfire. 
Clevedon, UK: Multilingual matters. 
Cummins, J. & Swain, M. (1986). Bilingualism in education. London, UK: Longman. 
Darling-Hammond, L. (1995). Inequality and access to knowledge. In J. Banks & C. Banks 
(Eds.), Handbook of research on multicultural education. New York: Macmillan. 
Dawe, L. (1983). Bilingualism and mathematical reasoning in English as a second language. 
Educational Studies in Mathematics, 14, 325-353. 
De Corte, E., & Verschaffel, L. (1987). The effect of semantic structure on first-graders' 
strategies for solving addition and subtraction word problems. Journal for Research in 
Mathematics Education, 18, 363-381. 
Ellerton, N., & Clements, M. (1991). Mathematics in Language: A review of language factors 
in mathematics learning. Geelong, Victoria: Deakin University Press. 
Erktin, E., & Akyel, A. (2005). The role of L1 and L2 reading comprehension in solving 
mathematical word problem: A case in a delayed partial immersion program. 
Australian Review of Applied Linguistics, 28(1), 52-66. 
 112 
References 
Ghorbani, A. (1986). Biography of the mathematicians of the Islamic era. Tehran, Iran: 
University Press. 
Han, Y., & Ginsburg, H. P. (2001). Chinese and English mathematics language: The relation 
between linguistic clarity and mathematics performance. Mathematical Thinking and 
Learning, 3, 201-220. 
Hewitt, R. (1977). School performance of students from other ethnic backgrounds. In S. 
Bourke & J. Keeves (Eds.), Australian studies in school performance (Vol. 3, pp. 157-
193). Canberra: Education Research and Development Committee. 
Homayooni, H. (2004). Editorial note: Iranian community in Melbourne. Golbang, Journal of 
Iranian Society of Victoria, 15, 1. 
Hornby, P. (1977). Bilingualism, psychological, social and educational implications. New 
York: Academic Press. 
Iran Chamber. (2005). Persian language & literature. Retrieved May 11, 2005 from 
http://www.iranchamber.com/literature/khayyam/khayyam.php 
Iran Ministry of Education and Training. (2005). Persian Book (Grade 4). Tehran, Iran: 
Iranian Education and Training Ministry Publications. 
Iranian Cultural Centre. (2002). Culture: World renowned Iranian poets. Retrieved May 11, 
2005 from http:// www.iranculture.ca/culture.html 
Kanes, C. (1993). Language, speech and semiosis: Approaches to postconstructivist theories 
of learning in mathematics. Paper presented at the Contexts in mathematics education: 
proceedings of the Sixteenth Annual Conference of the Mathematics Education 
Research Group of Australasia (MERGA), Brisbane, QLD. 
Khisty, L. L. (1995). Making inequality: Issues of language and meanings in mathematics 
teaching with Hispanic students. In W. G. Secada, E. Fennema & L. B. Adajian (Eds.), 
New directions for equity in mathematics education (pp. 279-297). New York: 
Cambridge University Press. 
 113 
References 
Kintsch, W. & Greeno, J. G. (1985). Understanding and solving word arithmetic problems. 
Psychological Review, 92(1), 109-129. 
Koehler, M. S., & Grouws, D. A. (1992). Mathematics teaching practices and their effects. In 
D. A. Grouws (Ed.), Handbook of research on mathematics teaching and learning 
(pp. 115-126). New York: Macmillan Publishing Company. 
Laborde, C., Conroy, J., De Corte, E., Lee, L., & Pimm, D. (1990). Language and 
mathematics. In P. Nesher & J. Kilpatrick (Eds.), Mathematics and cognition: A 
research synthesis by the International Group for the Psychology of Mathematics 
Education (pp. 53-70). Cambridge: Cambridge University Press. 
Lambert, W. E. (1977). The effects of bilingualism on the individual: Cognitive and socio-
cultural consequences. In P. A. Hornby (Ed.), Bilingualism: Psychological, social and 
educational implications (pp. 15-27). New York: Academic Press. 
Latu, V. F. (2005). Language factors that affect mathematics teaching and learning of 
Pasifika students. Paper presented at the Twenty-eighth Annual Conference of the 
Mathematics Education Research Group of Australasia (MERGA 28) Building 
Connections: Research, theory and practice, Melbourne, Victoria, RMIT University. 
Lerman, S. (1996). Intersubjectivity in mathematics learning: A challenge to the radical 
constructivist paradigm? Journal for Research in Mathematics Education, 27, 133-
150. 
Lerman, S. (2001). Cultural, discursive psychology: A sociocultural approach to the studying, 
teaching and learning of mathematics. Educational Studies in Mathematics, 46, 87-
113. 
Linthorne, C., & Doolan, B. (2003). Success with problem solving. Teaching Mathematics, 
March, 9-10. 
Luke, A., Comber, B., & O'Brien, J. (1996). Critical literacies and cultural studies. In G. Bull 
& M. Anstey (Eds.), The literacy lexicon (pp. 31-44). Sydney, NSW: Prentice Hall. 
 114 
References 
Masingila, J., Lester, F., & Raymond, A. (2002). Mathematics for elementary teachers via 
problem solving. Upper Saddle River, NJ: Prentice Hall. 
Meade, P. (1984). Comparative educational experiences of students of non-English-speaking 
migrant origin and students of English-origin. Brisbane, QLD: Brisbane College of 
Advanced Education. 
Merrett, F. (2006). Reflections on the Hawthorne effect. Educational Psychology, 26(1), 143-
146. 
Miura, I. T., Chungsoon, K. C., Chang, C. M., & Okamoto, Y. (1988). Effects of language 
characteristics on children's cognitive representation of numbers: Cross-national 
comparisons. Child Development, 59(6), 1445-1450. 
Miura, I. T., Okamoto, Y., Kim, C. C., Chang, C. M., Steere, M., & Fayol, M. (1994). 
Comparisons of children's cognitive representation of numbers: China, France, Japan, 
Korea, Sweden, and the United States. International Journal of Behavioral 
Development, 17(3), 401-411. 
Molyneux, P. (2004). Pride and empowerment: Bilingually educated students reflect on their 
learning. Australian Language & Literacy Matters, 1(2), 4-10. 
Moschkovich, J. (1996). Learning math in two languages. In L. Puig & A. Gutierrez (Eds.), 
Proceedings of the 20th Conference of the International Group for the Psychology of 
Mathematics Education. Vol.4, 27-34, Valencia, Spain: University of Valencia 
Mossenson, L., Stephanou, A., Forster, M., Masters, G., McGregor, M., Anderson, P., Hill, P. 
(2005). TORCH: Tests of reading comprehension: Teacher's Manual (2nd ed.). 
Camberwell, Melbourne, Victoria: Australian Council for Educational Research  
(ACER) Ltd. 
Mousley, J., & Marks, G. (1991). Discourses in mathematics. Geelong, Victoria: Deakin 
University Press. 
 115 
References 
National Council of Supervisors of Mathematics (NCSM). (1989). Essential mathematics for 
the twenty-first century: The position of the National Council of Supervisors of 
Mathematics. The Arithmetic Teacher, 36(9), 27-29. 
National Council of Teachers of Mathematics (NCTM). (1989). Curriculum and evaluation 
standards for school mathematics. Reston, VA: NCTM. 
Ncedo,N., Peires, M., & Morar, T. (2002). Code-switching revisited: The use of languages in 
primary school science and mathematics classroom. In C. Malcolm, & C. Lubisi 
(Eds.), Proceedings of the 10th Annual Conference of the Southern African 
Association for Research in Mathematics, Science and Technology Education. 
Ndayipfukamiye, L. (1994). Code-switching in Burundi primary classrooms. In: C. M. 
Rubagumya (Ed.), Teaching and researching language in African classrooms, 79-95, 
Clevedon, UK: Multilingual Matters.  
Nesher, P., & Kilpatrick, J. (1990). Mathematics and cognition: A research synthesis by the 
International Group for the Psychology of Mathematics Education. Cambridge: 
Cambridge University Press. 
Nickson, M. (1992). The culture of the mathematics classroom: An unknown quantity? In D. 
A. Grouws (Ed.), Handbook of research on mathematics teaching and learning (pp. 
101-114). New York, NY: Macmillan Publishing Company. 
O'Connell, S. (2000). Introduction to problem solving: Strategies for the elementary math 
classroom. Portsmouth, NH: Heinemann. 
Olivares, R. A. (2002). Communication, constructivism and transfer of knowledge in the 
education of bilingual learners. International Journal of Bilingual Education and 
Bilingualism, 5(1), 4-19. 
Olivares, R. A., & Lemberger, N. (2002). Identifying and applying the communicative and the 
constructivist approaches to facilitate transfer of knowledge in the bilingual classroom. 
International Journal of Bilingual Education and Bilingualism, 5(1), 72-83. 
 116 
References 
Padilla, A. M. (1990). Bilingual education: Issues and perspectives. In A. M. Padilla, H. H. 
Fairchild & C. M. Valadez (Eds.), Bilingual education: Issues and strategies (pp. 11-
26). Newbury Park, CA: Sage Publication. 
Patton, M. Q. (2002). Qualitative research & evaluation methods (3rd ed.). Thousand Oaks, 
California: Sage Publications. 
Roblyer, M. D., & Edwards, J. (2000). Integrating educational technology into teaching (2nd 
ed.). Upper Saddle River, NJ: Prentice Hall. 
Sakamoto, M. (2001). Exploring societal support for L2 learning and L1 maintenance: A 
socio-cultural perspective. Australian Review of Applied Linguistics, 24(2), 43-60. 
Saravanan, V. (2004). Bilingual children's language proficiency and language choice patterns. 
Australian Research in Early Childhood Education, 11(1), 13-25. 
Schoenfeld, A. (1985). Mathematical problem solving. New York, NY: Academic Press. 
Schoenfeld, A. (1992). Learning to think mathematically: Problem solving, metacognition, 
and sense making in mathematics. In D. A. Grouws (Ed.), Handbook of research on 
mathematics teaching and learning: A project of the National Council of Teachers of 
Mathematics (pp. 334-370). New York: Macmillan Publishing Company. 
Setati, M. (1996). Code-switching and mathematical meaning in a senior primary class of 
second language learners. M. Ed research report. Johannesburg, South Africa: 
University of Witwatersrand. 
Setati, M. (1998). Code-switching in a senior primary class of second language mathematics 
learning. For the Learning of Mathematics. 18(1), 34-40. 
Siemon, D., & Booker, G. (1990). Teaching and learning FOR, ABOUT and THROUGH 
problem solving. Vinculum, 27(2), 4-12. 
Stake, R. E. (2000). Case studies. In N. K. Denzin & Y. S. Lincoln (Eds.), Handbook of 
qualitative research (2nd ed., pp. 435-454). Thousand Oaks, CA: Sage Publications. 
 117 
References 
Swetnam, L. A. (2003). Lessons on multicultural education from Australia and the United 
States. The Cleaning House, 76, 208. 
The Burton Report. (2006). The Hawthorne effect: Info & its use. Retrieved January 15, 2006 
from http://www.burtonreport.com/InfoHealthCare/Info&UseHawthorne.html 
TIMSS. (2003). TIMSS 2003 International Reports. Retrieved July 22, 2005 from 
http://timss.bc.edu/timss2003i/intl_reports.html 
Verschaffel, L., De Corte, E., & Lasure, S. (1994). Realistic considerations in mathematical 
modeling of school arithmetic word problems. Learning & Instruction, 4, 273-294. 
Verschaffel, L., Greer, B., & De Corte, E. (2000). Making sense of word problems. Lisse, The 
Netherlands: Swets & Zeitlinger. 
Vithal, R., Adler, J., & Keitel, C. (2005). Researching mathematics education in South Africa. 
Cape Town, South Africa: Human Sciences Research Council (HSRC) Press. 
Wang, J., & Lin, E. (2005). Comparative studies on U.S. and Chinese mathematics learning 
and the implications for standards-based mathematics teaching reform. Educational 
Researcher, 34(5), 3-13. 
Yoshida, H., Verschaffel, L., & De Corte, E. (1997). Realistic considerations in solving 
problematic word problems: Do Japanese and Belgian children have the same 
difficulties? Learning & Instruction, 7, 329-338. 
 
 
 
 118 
 LIST OF APPENDICES 
 
 
 
A. Mathematics Questions (Pilot Study) 
B. Interview Questions (Pilot Study) 
C. ACER Cloze Test Material (Pilot Study) 
D. Persian Language Comprehension Test (Pilot Study) 
E. Mathematics Questions (Main Study) 
F. RMIT Ethics Approvals 
G. Department of Education & Training Ethics Approval 
H. Parent Letter and Plain Language Statement 
I. Ethics Consent Form 
J. Parent Questionnaire 
K. ACER Cloze Test Material (Main Study) 
L. Persian Language Comprehension Test (Main Study) 
M. Student Interview Questions (Main Study) 
 119 
APPENDIX A 
Mathematics Questions for Pilot Study 
 
 
1.  153 + 278 = 
 
2.  56 – 29 = 
 
3.  38 x 6 =  
 
4.  428 ÷ 3 = 
 
5.  156 + 269 = 
 
6.  76 – 39 = 
 
7.  46 x 8 = 
 
8.  38 ÷ 3 = 
  
9.  56- 29 = 
 
10.  13 ÷ 3 =   
 
11.  36 x 16 =  
 
12.  7 x (13 + 18) = 
  
13.  428 ÷ 3 =   
 
 
1.  Anna’s birthday party will start 12:45pm. It is 10:50am now. How much longer 
does she have to wait? 
 
2.  436 people went to the soccer match last week. This week 508 people went to the 
match. How many more people went to the soccer match this week than last week? 
 
3.  Anna weighed her dog last week. He weighed 27.9 kg. This week he weighed 28.2 
kg. How many grams had he put on? 
 
4.  Jane was given $ 50 for her birthday. She bought 2 CDs and some tapes. How 
much of her $ 50 did she have left? 
 
CDs                                 on special SALE                                  Tapes 
                        $ 9. 95                          $ 8. 90 
 
 
5.  Jane had 20 books. Her friends gave her 12 books. Now how many books she has 
got? 
 
 
APPENDIX A 
6.  Half of the people in a family are males. What might a drawing of that family look 
like? 
 
7.  15 people attended the dancing show last week. This week 26 people attended the 
show. How many more people attended this week compared to last week? 
 
8.  Jane had $20. Her mother gave her $5. How much money does she has now?  
 
9. Ali plays basketball. His average number of goals per week was 17.9. 
Amir also plays basketball. His average was 18.2 goals per week. On average, how 
many more goals did Amir score than Ali each week? 
 
10.  A builder bought 6 pieces of timber. Each piece weighed 4 kg and cost $7. They 
were 1800mm long, 30 mm thick and 250 mm wide. He placed them one on top of the 
other. What was the height of the timber? 
 
11. The school canteen shop has 5 different types of biscuits, 4 different types of 
bread, and 2 different types of drink that they could use to make a meal. How many 
different meals are possible? 
 
 
APPENDIX B 
Interview Questions (Pilot Study) 
 
Research Project: 
 
“The role of language switching in Iranian bilingual students when solving 
mathematical problems” 
 
 
 
Investigator: Zahra Parvanehnezhad Shirazian 
Supervisor: Dr. Dianne Siemon 
School of Education, RMIT University 
 
********************************************************************* 
 
First name  & Initials: ……………………………………   Code: ………………… 
 
 
1. What language did you use to begin to solve the problem? 
 
 
2. Did you switch between languages? Yes/ no. If yes, at which stage did you 
switch? 
 
 
3. Is there any word/ statement that would be difficult to translate directly into 
Persian (Farsi)? 
 
 
4. Do you use Persian when you do mathematics in the classroom? 
 
 
5. Do you use Persian when you do mathematics homework? 
 
 
6. What language(s) do you use at home? 
 
 
7. What was the first language you spoke? 
 
 
 
 
 
 
 







APPENDIX E 
ACER PAT Maths Questions of the Main Study 
      
 Easy Average Hard 
Addition Ali has 7 pencils. His teacher 
gives him 5 more. How many 
pencils does he have now? 
Sahar had 26 books. Her 
brother had 37 books. How 
many books did they have 
altogether? 
Ali’s mother bought 22.6 
metres of white fabric and 16.8 
metres of green fabric to make 
soccer flags. How much fabric 
did she buy altogether? 
 
Subtraction After 12 games of basketball 
Ali had scored 38 goals. Amir 
had scored 56 goals. How 
many more goals did Amir 
score than Ali? 
Anna’s birthday party will 
start 12:45 pm. It is 10:50am 
now. How much longer does 
she have to wait? 
436 people went to the soccer 
match last week. This week 
508 people went to the match. 
How many more people went 
to the soccer match this week 
than last week? 
 
Multiplication Amir’s garden had 4 rows of 
corn. There are 9 plants in 
each row. How many plants 
does he have all together? 
Amir’s garden had 8 rows of 
corn. There are 47 plants in 
each row. How many plants 
does he have altogether? 
Amir's garden has 15 rows of 
corn. There are 23 plants in 
each row? How many plants 
does he have altogether? 
 
Division Six friends shared 48 balloons. 
How many balloons did each 
friend get? 
Eight families shared a prize of 
$780. How much did each 
family receive? 
There are 489 students and 24 
teachers at the school. Each 
bus can hold 45 passengers. 
How many buses will be 
needed to carry all of the 
students and teachers to the 
pool? 
 
Multi-step Ali's mother wants to purchase 
20 pens and 15 pencils. Each 
pen is $2.00 and each pencil is 
$1.00.  How much money does 
she need to spend? 
28 children threw 67 custard 
pies in 4 minutes. How many 
could they throw in 12 
minutes? 
 
CD’s cost $9.90 each. Video 
tapes cost $8.90 each. Setareh 
was given $50 for her 
birthday. She bought 2CD’s 
and a tape. How much of her 
$50 did she have left? 
Open-ended Zari has 10 pens. She wants to 
give some pens to her brother. 
How many pens does her 
brother receive? 
Chocolate bars cost  $2.50 
each. Muesli bars cost $1.50 
each. Ali had $50. He bought 4 
chocolate bars and some 
muesli bars. How much money 
did he have left? 
 
Half of the people in a family 
are males. Could you draw a 
picture of what this family 
might look like? 
            
 
 
 
 Addition Subtraction Multiplication Division other 
Easy 73 + 58 76 - 39 14 x 5 48 ÷ 3 4 x (15-7) 
Average 153 + 278 123-58 38 x 6 429 ÷ 3 7 x (13+18) 
Harder 47 + 289 + 
362 
302-467 36 x 16 4128 ÷ 6 84 ÷ (19-12) 
 
 
 







APPENDIX J 
 
PARENT QUESTIONNAIRE 
 
Research Project: 
 
“The role of language switching in the mathematics performance of Iranian bilingual students” 
 
 
Investigator: Zahra Parvanehnezhad Shirazian 
Supervisor: Dr. Dianne Siemon 
 
School of Education, RMIT University 
*********************************************************************************** 
 
First name & initial of your child: …………………………………………   Code: ……… 
 
 
Please answer the following questions: 
 
 
1. For how many years/ months have you been living in Australia? 
 
 
 
2. What is your occupation in Australia? 
 
 
 
3. What was your occupation in your home country? 
 
 
4. What is your educational level? 
 
 
5. How many years/ months did your child attend the childcare/ kindergarten before going to school? 
 
 
6. Which language do you speak most of the time at home?   
 
 
7. Which language do you speak around the table during meal time (breakfast, dinner, and lunch)? 
 
 
8. Which language do you use in discussion with your family members? 
 
 
9. Which language do you prefer to speak? 
 
 
10. What language did you use when you came to Australia? 
 
 
 
APPENDIX J 
 
 
11. What do you expect for your child’s education? 
 
 
 
 
12. 12- Do you encourage your child to study hard for the purpose of a good educational outcome? (if 
yes, how?) 
 
 
 
 
13. Do you encourage your child to use Persian language while solving mathematics? (if yes, how?) 
 
 
14. Do you encourage your child to speak Persian language at home? (if yes, how?) 
 
 
 
 
 
15. Which language do you (or a tutor) use in helping your child with homework (if any)? 
 
 
 
Thank you for your time. If you have any Further comments, please write below: 
 
………………………………………………………………………………………………………. 
 
………………………………………………………………………………………………………. 
 
………………………………………………………………………………………………………. 
 
………………………………………………………………………………………………………. 
 
………………………………………………………………………………………………………. 
 
………………………………………………………………………………………………………. 
 
 
 



















APPENDIX M 
 
STUDENT INTERVIEW 
 
 
Research Project: 
 
“The role of language switching in the mathematics performance of Iranian bilingual students” 
 
 
Investigator: Zahra Parvanehnezhad Shirazian 
Supervisor: Dr. Dianne Siemon 
 
School of Education, RMIT University 
 
********************************************************************************* 
 
First name & initialS: …………………………………………    Code: ……… 
 
 
1. How did you answer the question? 
 
 
2. What did you do first? Etc 
 
 
3. What language did you use to begin to solve the problem? 
 
 
4. Did you switch between languages? Yes/ No. If yes, at which stage did you switch? 
 
 
5. If you use Persian language for doing the mathematics test, why? 
 
 
6. If you used English language for doing the mathematics test, why? 
 
 
 
7. Is there any word/ statement that would be difficult to translate directly into Persian (Farsi)? 
 
 
8. Do you use Persian when you do mathematics in the classroom? 
 
 
9. Do you use Persian when you do mathematics homework? 
 
 
10. Do you use Persian when you speak with your friends in Saturday school? 
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11. Do you use Persian out of school? 
 
 
12. What language(s) are spoken at home (please state the approximate percentage of each one: %)? 
 
 
13. What was the first language you spoke? 
 
 
Any significant/ important reactions/ point when solving mathematics problems? 
 
…………………………………………………………………………………………………… 
…………………………………………………………………………………………………… 
…………………………………………………………………………………………………… 
…………………………………………………………………………………………………… 
…………………………………………………………………………………………………… 
…………………………………………………………………………………………………… 
 
 
  
 
 
 
